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Social Responsibilities 


‘Deeee would be the word for it, except that 
in tragedy it is possible to admire sublimity of the 
struggle. Certainly there is nothing sublime in the 
clash that has brought American industry down 
to striving for the selfish aims of its warring ele- 
ments, while it ignores its obligations to society. 
Perhaps it is merely pitiful that the period which 
could and should be the busiest in all of our civil- 
ian economy is instead a period of despair. 

Being in business, American style, is privilege 
and not accident. The butcher, the baker and the 
candlestick maker can set up shop and profit from 
their knowledge and effort. The privilege is bal- 
anced by obligation to provide the community with 
a necessity of life. So long as he enjoys the priv- 
ilege he is under obligation to continue his service. 
That is sound in equity and in economy. 

That balance between privilege and obligation, 
often known as capitalistic or freedom of enter- 
prise, has such a record of accomplishment that 
it has but recently been victorious in a two-front 
war and as side issues gave material assistance to 
allies. The alarming trends of the current bicker- 
ing is the introduction of doctrines contrary to 
that system. 

Privilege and obligation are so productive that 
women in the picket lines are clad in fur coats. If 


the woman in the picket line is a recent addition, 


so is the fur coat. Certainly this bit of evidence 
takes the clash between management and labor 
out of the status of deprivation. It gives the im- 
pression that something more than a higher wage 
is at stake while industry ignores its social obli- 
gation. . 

A community would not tolerate a baker who 
closed shop and declined to feed his neighbors. 
Having granted him the privilege of prospering, 
it would hold him to the obligation of serving. The 
baker simply has no such right‘ Neither has a cor- 
poration such right. Invested capital, whatever its 
form, owes obligation equal to its privilege. 
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\\ HETHER men who draw wages admit it or 
not, they are a pari of industry. Wages and divi- 
dends come out of the same moneybag. That wages 
should be adequate is acceptable but whether wage 
earners have the right to close down an industry 
and ignore its obligations is questionable. Rights 
of this nature recently had extensive analysis by 
A. W. Robertson, chairman of the board of West- 
inghouse Electric Corporation; whose speech be- 
fore the Economic Club of New York, contained: 

“Striking workmen in crowds exercise rights 
which no individual has. In other words, 10 or 
10,000 may do something as their right which one 
man could not do without con nitting a crime. 
This is now accepted in all society and we com- 
monly use the phrase ‘the right to strike.’ Obvi- 
ously it is a vague term and needs definition. For 
instance, may the milkman who delivers milk to 
my door, which my granddaughter needs to sus- 
tain life, strike and prevent anyone from deliver- 
ing milk, thereby causing the death of the child? 
Could the milk company refuse to deliver it? 
Society cannot safely be at the mercy of groups 
of men or organizations. Freedom has taken on a 
new definition. 

“The thought of a few men having control over 
the atomic bomb jogs us into a realization that 
their power should be curbed, but what difference 
is there between having your business blown to 
atoms and having your business ruined by the 
same group of men preventing you from using 
your property? In both cases you suffer equal loss. 
We need to realize that the power to destroy must 
be curbed wherever it is found, or freedom will 
be lost. 

“How could we live in a city if the employes 
of the electric power company or the company 
refused to furnish electric power, which is abso- 
lutely necessary if the life of the city is to continue 
for 24 hours? As a people we seem to shrink from 
facing issues of this kind. Perhaps we don’t want 
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to admit how utterly helpless we have become. As 
far as I am concerned, the man who takes from 
me by force what is not rightly his is a robber 


even if a vote is taken on it or his number is- 


legion. Tyrrany may be exercised by the many as 
well as the few. 

“Imagine, for instance, meeting two robbers on 
the Brooklyn bridge at night. They place a gun 
against my body and:demand my wallet. And if I 
had the temerity to question their right to the 
wallet (which under the circumstances takes con- 
siderable imagination) the robbers might answer 
‘we want to be fair about this matter. We will 
submit the question to popular vote.’ Then they 
vote on whether or not they shall take my wallet. 
The two vote ‘yes’ and I utter a quavering ‘no,’ 
whereupon my wallet goes to the majority. But 
the fact remains that it was taken from me by 
force and a strong arm.” 


Q UOTING a man of high rank in management 
gives opportunity for retaliation based on the 
tir. 2-worn accusation that such words come from 
predatory wealth, whose objective is to crush 
labor. Only the men unworthy of management 
have such objectives. Leaders of labor should shun 
such men. They can. find men of vision in man- 
agement as in other phases of industry. Instances 
of profitable friendliness ‘in industry are numerous. 

Recently the John Nooter Boiler Works Com- 
pany of St. Louis celebrated its fiftieth anniver- 
sary with a banquet. There is nothing unusual in 
such a celebration but it is unusual when the 
management is guest rather than host. The host 
in this instance was The Booster Club, which is 
its employes. One of the speakers was Charles 
MacGowan, president of the International Broth- 
erhood of Boilermakers, the A. F. of L. union 
which has a contract with the company. 

MacGowan was labor advisor at the UNO meet- 
ing in San Francisco and later participated in the 
labor-management conference at Washington, 
about which he said: 

“For 26 days the topside representatives of labor 
and the topside representatives of management 
met. That they could live together in one room 
is a token of progress. The fact that the confer- 
ence closed without bitterness on either side and 
with a willingness to meet again is a further indi- 
cation of progress. If there had been 10 represen- 
tatives of organizations with the spirit of the John 
Nooter Boiler Works Company at the labor-man- 
agement conference, we would have accomplished 
much more than we did.” 


He scored some men of management with “they 
have been on a sit-down strike since V-J Day” and 
some segments of labor were charged with having 
“gone clear outside of the field of collective bar- 
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gaining and are introducing something alien into 
the American way of life.” 

As a reason for the union of boilermakers hav- 
ing not a man on strike he explained: . 

“. . . we have learned, in our fifty years of work, 
to understand the problems of an employer in a 
competitive field, as well as the problems of our 
workers. You can’t raise wages to such heights 
that you destroy your employer. There must be 
some give as well as take.” 

As for the benefits of understanding, both labor 
and management will do well to investigate the 
situation at Cleveland where the Lincoln Electric 
Company has reached a per-capita income in ex- 
cess of $5,000, the while reducing the cost of its 
merchandise. That is an instance of fulfilling social 
obligations. 


Bvencxviia of social obligations is not 
restricted to cloistered halls or social workers. Men 
in both labor and management understand what 
this obligation is. For instance: 

“What are the needs which most concern the 
American public today? 

“Obviously, they want a plentiful supply of 
low-cost products and ‘services. But they want 
more than that. 

“They want protection against threats to their 
living standards through sickness, accident, un- 
employment and old age. They want their fami- 
lies protected against the death of the chief earner. 

“They want industry and labor to work together. 
They want small business and new business given 
every chance and encouragement. 

“They want leisure and the means to enjoy it 
healthfully. They want to raise their own living 
standards and to give their children opportunity 
for still higher ones. They want dignity, self- 
respect and the jobs in which they get credit for 
what they do.” 

The speaker was Ralph W. Gallagher, chairman 
of the board of Standard Oil Company (New Jer- 
sey), before the annual meeting of the American 
Gas Association. This quotation was but a part 
of his observation to the effect that business men 
(management) should accept responsibility for 
accomplishing such aims. No forward-looking 
labor leader should hesitate to work to similar 
ends. 

Only recently we accomplished the release of 
the energy in the atom. More recently we have 
established radar contact with the moon. The lab- 
oratory, men in the plant and men in executive 
offices played essential roles in these and other 
material accomplishments. Why they cannot or do 
not work harmoniously toward the accomplish- 
ment of widespread use of these technical accom- 
plishments is a perplexing question. 

Can it be that our morals are deteriorating? 
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Corrosion Problems in the 


Cracking of Shale Oil 


GEORGE E. MAPSTONE and C. B. McLAREN 
National Oil Proprietary Limited, Glen Davis, New South Wales 


Ar Glen Davis [New South Wales, Australia] 
torbanite or oil shale from a local deposit is processed 
in a bench of modified Pumpherston retorts to yield 
a crude oil. The oil is then thermally cracked in a 
two-coil Dubbs unit and refined in the conventional 
manner to produce motor gasoline. No plants are 
immune from corrosion attack and that at Glen Davis 
has proved no exception. 

The problem of corrosion in the refinery, usually, 
is conveniently considered—both from the nature of 
the corrosion, and the operation of the plant—under 
two general divisions as high-temperature corrosion 
or direct chemical action and low-temperature cor- 
rosion, or electrolytic corrosion. The dividing tem- 
perature between these two divisions is usually taken 
as 400-500° F. 

In the high-temperature sections of a cracking 
plant, i.e. the region above 500° F., or those parts 
operating above the condensing temperature of water, 
the most active corroding agent is sulphur and its 
compounds. 

In a cracking unit handling high-sulphur stocks, 
hydrogen sulphide is evolved in many cases through- 
out the entire course of distillation. Its formation rate 
depends upon the type of oil distilled, and the manner 
in which the sulphur compounds in the stock break- 
down under thermal conditions. The corrosion prob- 
ably will start at a point where the oil reaches a tem- 
perature somewhat in excess of 500° F., but gener- 
ally, it does not become excessive until a temperature 
of 700° F. or over is reached. While the oil is reduc- 
ing in temperature, quite severe corrosion may be 
experienced down to nearly 500° F., and nominal cor- 
rosion down to 350° F. This probably is explained by 
the change in character of the sulphur compounds, 
which occur at high temperatures. In general, how- 
ever, it can be said that the greatest danger due to 
hydrogen sulphide lies in the high-temperature zone, 
such as flash tubes, reaction chamber, flash chamber, 
vapor lines, bubble towers, hot-oil pumps, etc. 

Recent work’ has shown that organic acids may 
be an important factor in high-temperature corro- 
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On CRACKING, the tar bases in crude shale oil give 
rise to small amounts of hydrogen cyanide. In the pres- 
ence of water and ammonia, part of the hydrogen cyan- 
ide is hydrolyzed to formic acid, the remainder combin- 
ing with the iron products of corrosion to form prussian 
blue. The formic acid causes corrosion in the upper sec- 
tion of the pressure distillate stabilizer while in other 
sections of the plant the presence of tar bases inhibits 
this form of corrosion. 

Installation of a countercurrent caustic-soda wash be- 
tween the distillate receiver and the stabilizer effects 
satisfactory removal of the acidic corrosive materials. 








sion, the lower-molecular-weight acids being more 
active than the higher-molecular-weight acids. How- 
ever, this type of attack is rare compared with hydro- 
gen-sulphide corrosion. 

Low-temperature corrosion is found in those sec- 
tions of the plant where water may be condensed and 
form a vehicle to carry the corrosive acids, salts or 
dissolved gases. These sections are the heat ex- 
changers, condensers, rundown lines, etc., particu- 
larly in places where water may be trapped, as 
around valves and horizontal lines. By far the most 
destructive and common corroding agent in this zone 
is hydrochloric acid formed by the hydrolysis of the 
chlorides of calcium and magnesium, and often of 
sodium present in the crude oil. It is at this point that 
hydrogen: sulphide can become troublesome once 
again. It reacts with the ferrous chloride, forming 
ferrous sulphide and liberating hydrochloric acid, 
which is then free for further attack on the iron, In 
this way, a vicious cycle is set up, resulting in sefi- 
ous damage to the efficiency of the vessel in ques- 
tion. 


Description of Corrosion at Glen Davis 
During its four years of operation at Glen Davis, 
the Dubbs cracking plant of 1600 barrels per day 
capacity has processed 500,000 barrels of crude oil of 
sulphur content varying between 0.5-0.7 percent. It is 
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of interest to study the effect corrosion has had on 
the various sections of the plant during this period. 


The tubes of the heater are still in good condition, 
showing practically no increase in diameter, and 
should be capable of processing at least another 600,- 
000 barrels of crude. However, although the tubes 
show no signs of corrosion, they show appreciable 
external oxidation in the heavy-oil coil from a point 
where the oil temperature is in excess of 850° F. 
This oxidation appears only to take place in the vicin- 
ity of oil fires, for in the light-oil heater, only the 
tubes facing oil burners show oxidation, whereas 
those facing gas burners are still in good condition. 


The reaction chamber, coke chambers and flash 
chamber, are all in good condition, showing no signs 
of corrosion. 

In the fractionating tower, corrosion is not serious 
in the sections of the vessel below the light-oil reser- 
voir, mainly because the sides of the vessel are lined 
with a protective coating of ganister cement. The sec- 
tion above the reservoir, however, is being attacked 
at an appreciable rate. All the manway flanges on this 
section are badly pitted and show a general loss of 
approximately 1/16-inch thickness of metal. This 
pitting, which is typical of acid corrosion, is 3/32- 
inch deep in several places in the section of the col- 
umn above the top deck. It is interesting to note that 
while the unit is on residuum operation, the distillate 
has a pH of 5 or less. After switching to coke opera- 
tion, the distillate becomes alkaline. Ammonia injec- 
tion has been installed, and during residuum opera- 
tion, a small quantity of ammonia is injected 
continuously into the light-oil reservoir section, 
through the warming up line, so that the distillate is 
always neutral or alkaline. 


The reflux accumulator and distillate receiver are 
still in perfect condition, and it is not until the stabil- 
izer and its condensing system that serious corrosion 
is encountered. 

In the stabilizer, although corrosion is noticeable 
below the feed plate, it is not serious. In this upper 
portion of the vessel, operating at 150-200° F. pitting 
was general to a depth of 1/8-inch, especially around 
the plates at the liquid-vapor interface. All the trays 
were covered with about three inches of sediment. 
The bubble caps were choked and deeply pitted, as 
were the various nuts and bolts and rundown lines 
on the trays. The numerous points of the bubble caps 
had been diminished by as much as %-inch in length, 
and in some instances, these points had entirely dis- 
appeared. 


Worst Attack in Condenser 


By far the worst attack had taken place in the 
stabilizer overhead condenser, where a temperature 
as low as 80° F. is maintained. The tubes of the 
bundle were pitted for practically their whole length, 
and in many places had been eaten almost through. 
All tubes were covered with a bluish sediment. In 
fact, the attack has been so severe that 82 of the 152 
tubes have had to be replaced. The intensity of the 
corrosion in this section of the plant had increased 
only recently, for an examination 12 months previ- 
ously showed the tubes of the condenser to be in 
good condition. It would appear, therefore, that some 
change in operating conditions was responsible for 
the corrosive attack. As discussed later, the respon- 
sible operational change was correlated with am- 
monia injection into the top of the fractionating 
column. : 
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Causes of Corrosion 


Many questions now presented themselves, and 
accordingly the objectives of the investigation were, 
first, to identify the compound or group of compounds 
responsible for corrosion; second, to devise methods 
for the removal of such compounds, or for the inhibi- 
tion of their harmful action, or third, alternatively to 
discover a metal or alloy which would resist attack, 
or to develop a protective coating for the mild steel 
in general use in this portion of the plant. 

The corrosion at the top of the fractionator pre- 
sented no difficulty, as it was within the hydrogen- 
sulphide-attack zone, but not so the stabilizer and its 
condensing system. 

Analysis of various samples of sediment taken 
from the trays of the stabilizer and the tubes of its 
condenser, showed ferrous sulphide and sulphur to 
be the chief constituents. This had been known for 
some time, as whenever the plant was being over- 
hauled, after being on stream, the deposit of pyro- 
phoric ferrous sulphide tended to ignite on exposure 
to air, unless sprayed with water, so rapid being its 
oxidation to sulphate. 


Ferrous Sulphide 

The presence of ferrous sulphide in this relatively 
cold portion of the plant was, to say the least, puz- 
zling. This immediately suggested the presente of 
hydrochloric acid, because, according to the literatu > 
hydrogen sulphide alone is non-corrosive at the tem- 
perature and pressure of the stabilizer and its con- 
densing system. No trace whatsoever of hydrochloric 
acid or chloride could be found in the sediment, and 
this is not surprising, considering the low salt con- 
tent of the crude shale oil, which was found to be less 
than 0.02 pounds per 1,000 barrels. 

Aqueous extracts of various samples of the scale 
had pH values ranging from 3 to 6, strongly suggest- 
ing the presence of some acidic compound. The ques- 
tion now arose, what other acid could be attacking 
the iron? 

In the sediment on the trays of the stabilizer, but 
more especially on the tubes of the condenser, was a 
large quantity of a blue material, which, on analysis, 
proved to be prussian blue. This clearly proved the 
existence of an acid in the form of hydrocyanic acid, 
but one so weak that the likelihood of it being the 
corrosive agent was very small. In any case, no cya- 
nide grouping, except the complex ferrocyanide, could 
be detected. 

Hydrocyanic acid on hydrolysis gives formic acid 
and ammonia. The presence of this latter in the plant 
has always been known, as when a vessel is opened 
immediately after the plant has shut down, the am- 
monia vapors are on most occasions overpowering. 
A great deal of importance could not be attached to 
this knowledge, however, as ammonia would always 
be found from the breakdown of nitrogen-base com- 
pounds, such as pyridine, pyrrole and their homo- 
logues. The possibility of formic acid being the active 
agent was, therefore, something that could not be 
overlooked, and examination of the sediment soon 
revealed its presence. 


Mechanism of the Corrosion 


From the results obtained by examination of vari- 
ous samples of scale, the mechanism of the corrosion 
may well be envisaged to occur as follows. The tar- 
base content of the crude oil is of the order of 2 per- 
cent by volume. These tar bases first crack to give 
hydrocyanic acid, part of which is hydrolyzed to 
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formic acid. This acid then attacks the iron to give 
ferrous formate, which, in turn, reacts with hydrogen 
sulphide in the gas to give ferrous sulphide and at 
the same time, liberate formic acid, which is then 
free for another attack on the iron. This would ac- 
count for the presence of the large quantities of fer- 
rous sulphide in the low-temperature portions of the 
unit. 

In this way, a vicious cycle is set up and corrosion 
is enabled to proceed at a much faster rate than in 
the absence of hydrogen sulphide. Any unhydrolyzed 
hydrocyanic acid would also tend to react with fer- 
rous formate, ferric oxide, or any other iron com- 
pound present to give eventually prussian blue. This 
reaction would then be analogous with that occurring 
in the manufacture of coal gas, where prussian blue 
collects in the iron-oxide purifiers. 

In addition to ordinary rust and ammonium sul- 
phide, traces of sulphate were found in some samples 
of the sediment. This can easily be explained, how- 
ever, by the ferrous sulphide formed as a normal cor- 
rosion product oxidizing to ferrous sulphate on ex- 
posure to air during shutdown periods. 

One puzzling aspect of the case was that, though 
small traces of formic acid were found in the fraction- 
ator, reflux accumulator and distillate receiver, it was 
not until the upper half of the stabilizer and its con- 
densing system that corrosion actually occurred. It 
would seem, therefore, that some compound or com- 
pounds were acting as corrosion inhibitors. These 
substances must be such that they never pass over the 
top of the stabilizer with the distillate and gas, but 
remain in the gasoline. This corrosion inhibition was 
accordingly attributed to tar bases. They have, in 
the past, proved themselves to be good acid-corrosion 
inhibitors in another section of the plant where all 
oil sludge is steam heated in a mild steel tank with 
dilute sulphuric acid. After over two years of opera- 
tion, there has been practically no attack on the tank, 
owing to the presence of tar bases.” 

It would appear, therefore, that the tar bases play 
a dual role in the corrosion problem. First, they are 
the substances initially responsible for the corroding 
agent, and second, they prevent attack throughout 
the greater part of the unit. 


Formation of Hydrogen Cyanide 


It can be shown that hydrogen cyanide is formed 
as a decomposition product of the pyrolysis of the 
tar bases in the crude oil. It may be worth-while to 
expand this statement somewhat. 

First of all, there is no available evidence that hy- 
drogen cyanide is formed in carbonizing shale. In con- 
densing the crude oil from the retorts, the gas and oil 
vapors are sprayed with water. This treatment would 
remove any hydrocyanic or thiocyanic acid present 
in the retort gas or in the crude oil. Examination of 
the aqueous effluent has failed to show the presence 
of either material. 

It would, therefore, seem most likely that the hy- 
drogen cyanide and its derivatives, found in the lat- 
ter sections of the Dubb’s cracking plant, have been 
formed by the pyrolysis of some of the nitrogen-con- 
taining materials present*in the crude shale oil. 

The alkyl amines, in general, can give rise to hy- 
drogen cyanide on pyrolysis? but these materials have 
been detected only in trace quantities in shale oil.* 
The pyrolytic formation of pyridine from acetylene 
and hydrogen cyanide was observed by Ramsay* and 
others nearly three quarters of a century ago. Free 
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energy data for this reaction has been published re- 
cently.® 

If we assume that the tar bases present in the crude 
oil behave as pyridine for the purposes of the calcula- 
tion, and that the reaction 


CsH;s N= HCN +2 C,H: bees vacee (A) 


attains equilibrium at an effective temperature of 
800°K. (980.4°F.) one million gallons of crude oil will 
produce about 1% ounces of hydrogen cyanide which 
could give rise to about 7 ounces of prussian blue. 


However, acetylene and acetylene hydrocarbons are 
readily polymerized thermally® so that the reaction 
would not attain equilibrium, but would be driven to 
the right. Also, it is not necessary for the heterocyclic 
nucleus to give two molecules of acetylene when it 
decomposes with the formation of hydrogen cyanide. 
For example, it could readily give rise to the acety- 
lene dimer, vinyl acetylene, thus: 


4 \ ys 
H CH C 4 
| | C 
HC CH ll + Ill 
. VA C BS kot eee (B). 
N H 


Since thermodynamic data for vinyl acetylene does 
not appear to be available, its free energy of forma- 
tion was computed indirectly as 


AF ° ses = + 66.6 kcals. 


For the formation of acetylene from its elements we have’ 


AF ° 205 = + 50.84 kcal. 


whence, for the reaction 


28HC=CH = BC SC — CH= CE - in vvccvids (C). 
AF ° x9, = — 35.1 kcals. 

Now, for the reaction 
CsH;N = HCN +2 CH; TeUETEC?T ee (A). 
AF ° x95 = + 86.2 kcals.* 

therefore, for the reaction 
C.,H.N = HCN + HC=C—CH=CH, .......(B). 


AF ° 29g = + 51.1 kcals. 
which means that reaction B is thermodynamically much 
more probable than reaction A. 


Unfortunately, insufficient data was available for 
any estimate to be made of the free energy of forma- 
tion of vinyl acetylene at other temperatures. 

On the basis of this evidence, the formation of the 
hydrogen cyanide can be safely attributed to the 
pyrolysis of the heterocylic nucleus of the pyridine 
bases present in the crude shale oil. 


Formation of Formic Acid 


Formic acid has been shown to be responsible for 
the corrosion. It can be readily obtained from the 
hydrogen cyanide by hydrolysis. 

The alkaline hydrolysis of hydrogen cyanide is an 
everyday occurrence in most laboratories where a 
solution of potassium cyanide develops an ammoni- 
cal odour on standing for some time. 

Utilizing readily available free energy data* the 
free energy change for the hydrolysis of the hydro- 
cyanic acid at 25°C. can be calculated. 


a. Alkaline hydrolysis 
HCN (aq) 4. H:0.4) of OH’ = H.CO O.’ 4+ N Havaq) 
A Fess = — 21.3 kcal. 4 


b. Neutral hydrolysis 
HCN (aq) s 2H20 a) = H.CO.O’ oe N Haw 
AF ° ess = — 14.8 kcal. 


There is always some water present in the charge 
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to the P. D. stabilizer and this is generally slightly 
alkaline from the ammonia present. However, when 
cracking to residuum, the amount of ammonia formed 
decreased and the pH of the water at this stage may 
decrease to below 7 (B.D.H. Universal Indicator). 
Thinking this to be the cause of the corrosion, am- 
monia gas was admitted to the top of the fractionat- 
ing column, but instead, the extent of the corrosion 
appeared to increase. This observation strongly sup- 
ports the suggestion that the formic acid was ob- 
tained from the hydrogen cyanide by hydrolysis. 
Since alternative mechanisms for the formation 
of formic acid cannot be overlooked, its formation by 
the hydration of carbon monoxide was considered. 
This reaction was studied by Branch® and, using his 
data. Parks and Huffman’ give the free energy of 
formation of aqueous formic acid by this method as 
AF as = + 1.25 kcal. 
indicating that it is thermodynamically unfavored. At 
the same time, the water-gas reaction should be ef- 
fective in decreasing the carbon monoxide content of 
the gas so that, at the best, only a negligible portion 
of the formic acid is likely to be formed by this 
mechanism. 


Methods of Prevention of Corrosion 


Having once traced the cause of the corrosion, it 
became necessary to find a way of overcoming this in 
future. In doing so, many points had to be taken into 
consideration, among which were cost and suitability 
of application to the plant. In general, methods of 
prevention of cracking-plant corrosion fall into two 
main divisions—the use of alloy steels and chemical 
methods of control. 

Formic acid, although not as strong an acid as 
hydrochloric, is nevertheless very corrosive. It has an 
appreciable attack on many of the stainless steels, 
and is only resisted by the more highly alloyed 
metals. Copper and the bronzes are also practically 
immune to attack, but their use is precluded by the 
presence of ammonia. 

Included in the ordinary mild-steel tubes of the 
stabilizer overhead condenser were a few 4-6-percent- 
chromium molybdenum steel tubes which had not 


been attacked by the formic acid. It would therefore 
seem, 


that by lining the top half of the stabilizer 
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similarly to the fractionating column, and replacing 
the mild-steel tubes by stainless steel ones, that 
future attack could be overcome. 

With regard to chemical methods of control, re- 
moval or neutralization of the formic acid and hydro- 
gen sulphide by ammonia or caustic soda should be 
effective. 

At Glen Davis, ammonia was injected into the frac- 
tionating tower on only one occasion, in order to 
raise the pH of the pressure distillate from 5 to 7. 
Although this had the desired effect in the fraction- 
ator, it appears to have had the opposite effect in the 
stabilizer, for it was during this period that severe 
attack occurred in that vessel. Therefore, in this case, 
ammonia injection was ineffective as it merely in- 
creased the formation of formic acid by hydrolysis 
of the hydrogen cyanide. 

Previously, both the stabilized gasoline and the 
sour stabilizer overhead had been caustic-washed 
prior to further processing. It was therefore decided 
to countercurrent caustic-wash the pressure distillate 
before stabilization in order to prevent the formic 
acid and hydrogen sulphide entering the stabilizer. 

Since this installation there has been no recurrence 
of the corrosion. The pH of the stabilized pressure 
distillate has never been less than 8, while no hydro- 
gen sulphide is entering the column. The total con- 
sumption of caustic soda has been halved and refinery 
operation has been smoother. 
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Petroleos Mexicanos, Mexico, D. F. 


| of a former investigation on the sulfur 
compounds contained in Panuco gasoline sludge were 
published in an earlier issue.1 This sludge, whose 
ASTM distillation at 760 mm is given later, was ob- 
tained by treatment of Panuco gasoline (end point 
170°C.) with concentrated sulfuric acid. The sludge 
was separated from the gasoline, diluted with water 
and subjected to a steam distillation after neutraliza- 
tion with lime. The distillate thus obtained, after dry- 
ing, showed the following characteristics: 


ETC ee ee ee 0.918 
cl TL eee a? Ine RR 1.4760 
eee er 
ASTM distillation of the sludge 

EL a i areeahantd baceaienh ela on az” C 
10 percent. over: St... 6.000000 146° C. 
I i354. '¢ as alka ea exten 149° € 
2 ers Screen 152° ¢ 
i ake lye a veta eeiwans Oba 154° ¢ 
Be I, eck nicwko anes deencnseien 
60 percent sits hitb to dele 0h cee 
ere ea ee 161° C. 
ff. eee er eee 165° C. 
er NE ob cased dsecbemanbew cnn ie a 
I skg p's pa ks oh accent exe 204° C. 
rrr Aerie 98% 
REE SER CRE Re Re Ca 1% 
EE A OEE Pel OR Sate 1% 


75% dist. over between 140 and 165° C. 


Short fractions of the sludge were separated 
through repeated redistillations. The sulfur com- 
pounds, which were found to be in all cases cyclic 
sulfides, i.e., thiophanes (Table 1-6), were extracted 
from each fraction in the form of mercuric complexes, 
by means of mercuric chloride, folowing Mabery’s 
method.” These complexes were further purified 
through repeated crystallization until a constant 
melting point was obtained, and the pure products 
were then treated with sodium sulphide or hydro- 
chloric acid. The extracted oils were steam-distilled, 
dried and rectified. The characteristics of the pure 
thiophanes are given in Table 2. The data on the four 
last compounds cover the results of experiments to 
be discussed in the following pages. The physical 
constants appearing in the table for the 3-methyl- 
tetra-hydro-thiophene could not be given in the 
earlier publication, and only the melting point (82- 
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83° C.) of the corresponding mercuric chloride com- 
plex was reported; in the meantime these have been 
determined. These constants are in close agreement 
with those found for the synthetic compound.’ It 
should be noted that this is the first time in which 
this thiophane has been isolated from a petroleum oil. 


General Observations Regarding the Complexes 


Some general observations regarding the mercuric 
chloride complexes should help in the better under- 
standing of the experiments, which are later de- 
scribed. These complexes usually are semi-solids or 
even exhibit an oily appearance; this is mostly the 
case when sludge fractions from which the complexes 
have been precipitated by means of mercuric chlo- 


“ride cannot be sharply fractionated. The reason for 


the failure in obtaining a sharp fractionation is the 
frequent formation of azeotropic mixtures which give 
constant boiling points. If these complexes have an 
oily nature it is impossible to decompose these as 
they are, because the decomposed product contains 
the same impurities, perhaps to smaller degree than 











TABLE 1 
H=S-<H S2Cs8 
Hydrogen Sulfide Carbon Disulfide 
R = SH R-S-R R-S-S-+R 
Merceptens Sulfides Disulfides 
(Thioethers ) 
s s 
Hc~ Nown ° 
" Il ll R = S-(S),-S =<R 
(CH \n CH, H-C C-H 
Cyclio Sulfides Thiophene Polysulfides 
(Thiophanes ) 
K-= - R- a a oad 
H-0% “o rR-0% “o H-0% “o 


Sulfuric Acid Alkyl Sulfates Sulfonic Acids 


i?) 
i} 
R-S-R R-S-R R-Cef R-C-R 
I UI \ 
te) tY) s s 
Sulfoxides Sulfones Thio-aldehydes 


Thio-ketones 


R mey stend for eny sliphetic or erometic group 
nm may be one or any whole number greeter than one 
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the original material. Usually, a solid filtrable com- 
plex separates out if the oily complex is agitated with 
benzol and is then allowed to settle for some time. 
The complex obtained by filtration usually gives prac- 
tically pure thiophanes, while a small amount of the 
heavy oil remains behind after the evaporation of the 
benzol. If this heavy oil is treated with hydrochloric 
acid, a small amount of a product which has the 
characteristic o¢«i of terpenes is obtained. We shall 
return later to ti.ec discussion of these conditions. 

The crystalline form of the pure complexes (nee- 
dies, plates, lentils) apparently depends greatly on the 
solvents used in the process of crystallization, The 
crystalline form of some of the complexes changed, 
e.g., when ethyl-acetate, isopropyl alcohol or a mix- 
ture of benzol-acetone (1:1) were used, without a 
change in the melting point of the complex. Dioxane 
also was applied as a solvent in the crystallization of 
the raw complexes with the surprising result. that 
needles crystallized out, which gave the impression 
of being pure products and were also found to be 
pure; however,.the results of the analysis showed 
that the crystals were not thiophane complexes, but 
pure mercuric dioxanes. According to these results, 
the dioxane causes the displacement of the thiophane 
from the complex, which is an irreversible process. 

In no case was it possible to produce thiophane 
complexes containing more than two molecules of 
mercuric chloride. Wherever the results of the analy- 
sis of the complexes, which had a relatively constant 
melting point, indicated the presence of more than 
2HgCl,, the surplus mercuric chloride was elimi- 
nated by washing these finely divided complexes with 
cold water.* Complexes with 2HgCl, remained behind 
without any material change in the original melting 
point of the complexes. On the other hand, open- 
chain sulfides, e.g., ethyl sulfides, also give mercuric 
chloride complexes with three molecules of HgCl, as 
determined by different investigators® and also by us. 

The molecular structure of the thiophanes does not 
seem to be always of the same type, as evidenced by 
the fact that apparently some thiophanes only form 
complexes with two molecules of HgCl, while others only 
form complexes with one molecule HgCl,. At any 
rate, it was not possible to produce a monomolecular 
complex from the thiophane C,H,,S, which corre- 
sponds to the complex C,H,,S5, 2HgCl,, melting point 
160° C. (see Table 2), on the other hand, well-defined 
crystals (plates) of the monomercuric complex, melt- 
ing point 137-138° C. (see Table 2), were obtained 
from pentamethylene sulfide without being able to 
produce a bimolecular complex by the addition of an 
excess of HgCl,. 


Deviations from and Agreements with the Results 
of Other Investigators 

These last monomolecular states deviate from the 
observations recently published® on the isolation of 
the thiophane compounds from a Santa Maria Val- 
ley, California, gasoline, by means of aluminum chlo- 
ride. The complex obtained from the California gaso- 
line, with a melting point 137-138° C. and which 
crystallized in the form of needles, was described as 
a “bimercuric chloride,” a derivate of 3-methyltetra- 
hydrothiophene. The states determined by us, relat- 
ing the monomercuric chloride complexes, melting 
point 137-138° C., derived from penta-methylene sul- 
fide as well as those relating to the monomercuric 
chloride complexes, melting point 82-83° C., derived 
from 3-methyltetrahydrothiophene, are in-full-agree- 
ment with the available information for these two 
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synthetic compounds.* Furthermore, this agreement 
applies also to the data on the complex C,H,,S, 
HgCl,, melting point 137-139° C., a derivative of 
pentamethylene sulfide, isolated by I. Teutsch from 
Panuco gasoline.’ In this respect a few other dis- 
crepancies or deviations found in the literature, will 
be mentioned. These will become apparent from 
Table 3, which was prepared in order to even avoid 
the hint of a controversy. This statement applies 
especially to the discrepancies with Mabery’s conclu- 
sions. Nobody will discuss the merit of this investi- 
gator in discovering the thiophane group in Canadian 
petroleum oil and in isolating these compounds in the 
form of complexes by means of mercuric chloride. 
“But they (the complexes) were not obtained in a 
condition suitable for analysis. If the mercuric chlo- 
ride precipitates had been solids instead of (usually) 
viscid oils, the results would have appeared more 
convincing.”*® Actually it seems that Mabery had in 
his hands, as well as we did, three isomers of octhyl 
thiophane C,H,,S, the product called by him heptyl 
thiophane C,H,,S, whose boiling point at 55 mm he 
gave as being 74-76° C., corresponding to a boiling 
point at 760 mm of 158-160° C. This thiophane seems 
to be identical to that already isolated by Teutsch’ 
from Panuco gasoline and recognized as C,H,,S. boil- 
ing point at 760 mm of 160-163° C. Based on our in- 
vestigations, we can now confirm Teutsch’s results 
for C,H,,S, boiling point 160-162° C. In this connec- 
tion, attention should be called to the improbable low 
densities given by Mabery for the octyl thiophanes, 
which are lower than 0.900 (0.8878, 0.8928, 0.8937), 
while we found 0.919, 0.9205, 0.9059. 

The product C,H,,S, boiling point 95-96° C./55 
mm ; 183-186° C./760 mm, isolated by Mabery, was 
called by him “iso-octylthiophane,” while he named 
“octyl thiophane” the compound C,H,,S, boiling 
point 81-83° C./55 mm, and 167-169° C./760 mm, 
which has a considerably lower boiling point. Aside 
from the fact that the iso-compounds always have 
lower boiling points, there is no basis for determin- 
ing, which of the different alkyl thiophanes is under 
consideration. We did not succeed either in clarifying 
the question, when we tried to obtain sufficiently 
pure oxidation products, by oxidation of a side chain 
or side chains. 

In agreement with Mabery, we obtained by adding 
HgCl, the high-boiling octyl thiophane, first as a 
fluid, viscid complex, which upon decomposition with 
hydrochloric acid gave an oil with the same boiling 
range as the original material, apparently an azeo- 
tropic mixture. The addition of benzol to the highly 
viscous oil was unsuccessful, i.e., the product re- 
mained viscous, and the desired separation of a solid 
HgCl, complex did not take place. After many use- 
less trials, it was finally possible to obtain the thio- 
phane in a pure state, with a sulfur content of 21.96 
percent (theoretically 22.22 percent S in C,H,,S). 
This was accomplished by treating the decomposed 
oil with perchloric acid (60 percent). This new re- 
action, to which we shall refer later, rests on the fact 
that perchloric acid, in contrast with concentrated 
sulphuric acid, does not dissolve or attack the thio- 
phanes, but reacts with the associated products, 
leaving the pure thiophane behind. The pure octyl 
thiophane, boiling point 177.5-179.5° C./760 mm, was 
obtained after one rectification, which gave a well 
crystallized (druses) bimolecular HgCl, complex, 
melting point 150° C. (see Tables 2 and 3). 

Finally another datum, given in the literature, rela- 
tive to the octyl thiophane will be mentioned. Mc- 
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From °C. 760 mm 
Panuco BP of Thio- 
Sludge phanes Re- 
Fraction Crystal MP of sulting from 
. , °C. 760 Forms of | Complexes | Descomp. n20 
Mercuric Chloride Complexes mm. Complexes a Compl. doo D Observations 
CaHsS, H,Cle Tetralydrothiophane................... 118—123° N 125—126° 121—121.50 0.9773 1.4990 
P 160—161° 
CsHioS, HgCle Methyl-tetrahydrothiophene............ P 152° 131.5—133° 0.9518 1.4926 Compounds described in the first publica-~ 
: tion ‘‘Refiner’”—January, 1943. 
CsH108, H,CL2 3-Methyl-tetrahydrothiophene......... 130—135° N 82—83° 136.5—137° 0.9538 1,4877 
? ? ? ? ? | oN 122—123° m 
CsHioS, HeCle Pentamethylen-sulfide.................. 137—141° 7 137.5—138° 139—140.5 0.9752 1.5028 
N 148 
CeH128, 2H,Clo Methyl-pentamethylen-sulfide.......... 145—150° N | 168—169° | 151—152° | 0.0440 | 1.4865 | a 
CsHie68, 2H,Cle Octylthiophane...................... 156—160° N or P 143—144° 160—161° 0.9190 1.4792 | 
CsHieS, 2H,Cle Octylthiophane........... 167—172° P 129—130° 169—170° 0.9205 1 4810 
ion aioe se Se SN TEER sitkeadlimeetibata edeeniache ~ Pi ee P - Pe ee! 
CsHieS, 2H,Cle Octylthiophane 177—182° | L | 150° 177—179° 0.9059 1.4780 














Kittrick* isolated a fraction, boiling point 162-168° 
C., dz. 0.900, from a California pressure distillate, 
which he believed to be either an octyl sulfide, 
C,H,,S, or an octyl thiopane C,H.,S. He obtained 
from this fraction two HgCl, complexes, melting 
point 147-148° C. and 129-130° C., with 7 and 3 
HgCl,, respectively. His fraction is probably a mix- 
ture of the two octyl thiophanes, boiling point 160- 
162° C. and 168-169° C., isolated by us, since we 
actually obtained at first from the two fractions com- 
plexes with the same melting points given by Mc- 
Kittrick. After further purification of these com- 
plexes, the melting points drop down to 143-144° C. 
and 128-129° C., respectively, and the mercuric con- 
tent of these compounds corresponds to bimolecular 
complexes. 

Judging by the melting point 147-148° C. and the 
refractive index np* 1.4770, given for the isolated 
thiophane from Santa Maria Valley gasoline,® it is 
possible that one of the two octyl thiophanes men- 
tioned above were in question. Furthermore, we 
would like to point out that the two gasolines, the 
one from the Santa Maria Valley, California, and the 
Panuco gasoline, have practically the same physical 
constants. : 

It has been mentioned that it was not possible to 
throw more light on the constitution of the three 
octyl thiophanes obtained from the sludge, by the 
oxidation of one or more of their side chains with 
dichromate (sulphones were obtained by oxidation 


Se = = = = = 


with “perhydrol” in the form of viscous liquids, which 
had but small differences in their physical character- 
istics: d,, 1.113 to 1.115, np*® 1.4835 to 1.4840). 
When reduction of the thiophanes in an acid me- 
dium (zine plus sulfuric acid) and under reflux 
proved to be unsuccessful, reduction with sodium 
amalgam (8 percent)’ was tried. A large excess of the 
amalgam was added gradually with a sufficient 
amount of water to produce a constant disengage- 
ment of hydrogen; the alkali layer was then neutral- 
ized with acid and extracted with ether. Upon addi- 
tion of the acid, the unmistakable and unpleasant 
odor of mercaptans was noticed. But the small 
quantities of the precipitated mercuric mercaptides 
remained oily and could not be obtained in a pure 
crystalline form. We can assume that a cleavage of 
the thiophanes takes place at a siow rate during this 
reaction, with the formation of mercaptans. This 
statement does not agree with observations made on 
thionaphthene, C,H,S, which, when heated in the 
presence of sodium and alcohol, did not yield mer- 
captans or thiophenol.*” 


Von Braun has proposed the addition of cyanogen 
bromide as a means for opening the thiophane ring.® 
We have confirmed that a violent reaction takes place 
and that the resulting products are very offensive, 
but the available data regarding the course of the 
reaction are not complete. McKittrick has given the 
following reaction scheme, which, however, has been 
deducted only from the reaction of mixed organic 





















































TABLE 3 
$< = —— —= ————— : = — 
. b.p.t. °C. 55 b.p. °C. 760 H,Cle 
Thiophanes mm. Deo np mm. Compl. M. pt. °C. Orig. Oil from Investigator 
ME Wicicativnds session ns wadase 74—76° 0.8878 1.4680 158—160° Canada Mabery. 
ERE AS SSCS 2088s 81—83° 0.8929 1.4860 167—169° Canada Mabery. 
(IR REY Rees Saher 94—96° 0.8937 183—185° Canada Mabery. 
Heavy oil Comp.® 
I ac irdhurnestembarneadelede 0.900 1.4680 162—168° A7 mol. 147.5—148° California McKittrick 
NEES ch. dcah link hace cureaebias sei econ B 3 mol. 130.30—6° comp.® 
iidanike bib basraatininedbed 160—163° Panuco Mex. J. Teutsch 
TS tha vkavniderenesaaksetanes 167—169° Panuco Mex. J. Teutsch 
ky, Le Tee epee / 1.4770 139.5° 2 mol. 147—148.5° | Sta. Maria—Vall. Calif. Polly Byrnes 
oe eh ods cianneu tos 0.9021 1.4713 166—169° 142—147° Synthet. from iso-octane W. Friedmann 
EN MS SELES Ea 0.9190 1.4793 160—162° 2 mol. 143—144° Panuco Mex. W. Friedmann 
NS 2:05 bi55cvee bike dcedon ed 0.9205 1.4810 168—169° 2 mol. 128—129° Panuco Mex. and 
Ec astetiadt revel oinedectweenad 0.9509 1.4780 177—179° 2 mol. 150° Panuco Mex. C. Rodrigues 
~—__ 





1—J, Am. Chem. Soc. 35, 408, (1906). 
6—*Refiner”, this issue. 


2—Ind. Eng. Chem. 21, 590, (1929). 
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3—Chem. Abs. 28, 4872, (1934). 


4—Ind. Eng. Chem. 34, 755, (1942). 5—*Refiner”, Oct., 1941. 
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and cyanogen bromide) have not been investigated.”* 


RRS 4 BrCN R:Br oe R,:SCN 


; , (CH.),SCN 
(CH;).S + BrCN CH: (CH,);Br 


According to our opinion, the following reaction 
takes place: 


Thiophane + BrCN 


Unstable products of the following type are 





formed: 
eT yi 

undergoes cleavage to 
RHC _SHR 


Alky Ibromide 





Brominated alkylthiocyanate 


by reduction 
Hydrocarbon 
(Not identified) 
Brominated mercaptan + HCN 
(Identified as brominated-thio- 


ether), 


This reaction is of a very complex nature and, un 
less the components are properly diluted, these react 
with extreme violence; carbon disulfide was used as 
a solvent both for the thiophanes and for the cyano- 
gen bromide. At ordinary temperatures a heavy addi- 
tion product is formed, which can be separated after 
the CS, is evaporated; its d,, is about 1.25. On heat- 
ing, a cleavage of this unstable addition product takes 
place, with the breakage of one C-S linkage and, pre- 
sumably, the simultaneous wandering of the bromine 
to a new position. The brominated derivation may 
break down even further, considering that cyanogen 
bromide acts simultaneously as a brominating agent.” 

In these circumstances, it was found advisable to 
apply the well known reaction, whereby the chio- 
cyanates are reduced (with zinc and diluted sulfuric 
acid) to the corresponding mercaptans, loosing HCN. 
The solution was heated under reflux and was then 
extracted with ether. The resulting extract had the 
unpleasant odor of mercaptans. 

Mercaptans react with 2,4-dinitrochlorobenzene, 
giving 2,4-dinitrophenylthioethers : 


Following the method given by Bost, Turner and 
Norton™ the extract mentioned above was converted 
into the sodium mercaptide (an excess of alkali was 
avoided), and the alcoholic solution of the sodium 
mercaptide was added to an equivalent of 2,4-dinitro- 
chlorobenzene, dissolved in absolute alcohol. Heat 
was instantly generated, indicating the beginning of 
the reaction. After refluxing the mixture for 10 minutes 
in a steam bath, the reaction was completed. The hot 
solution was quickly filtered (NaCl) and the sulfide 
crystallized out on cooling. 

It should be pointed out that the melting points 
and other physical characteristics of the thioethers and 
of the mercaptans produced by the reduction of the 
thiocyanates were abnormally high. It has been found 
that it is easier to reduce the thiocyanate group CSN 
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sulfides, “the products of the reaction (thiophanes. 








to the mercaptan CSH than the BrCH, where the 
bromine stays obstinately in the molecule. As a re- 
sult, on reduction a high percentage of brominated 
mercaptans are obtained, just as brominated thioethers 
result from the reaction with 2,4-dinitrochloroben- 
zene. 

This part of the report also has to deal with the 
action of refining agents on these sulfur compounds. 
It has been stated by other investigators,” and it has 
been confirmed by us, that pentamethylenesulfide is 
removed, or nearly so, from a naphtha solution by 
strong sulfuric acid, mercuric acetate (chloride or 
nitrate) and by permanganate. It is partially removed 
by silica gel and subchloric acid. We would like to 
draw the attention to an important point. In our 
opinion, it is quite different if these or other reactions 
are carried out in a naphtha solution or in that mix- 
ture of unknown constituents which is generally 
known as “sludge.” 

The cyclic sulfides, either in their pure state or in 
a naphtha solution, when treated with phospho- 
tungstic acid, form a white precipitate of complex 
compounds, from which the original sulfide can be 
regenerated by the addition of a strong alkali or 
ammonia. This reaction, however, can hardly be ap- 
plied to the separation of the thiophanes, etc., from 
the sludge, because in the course of the reaction, the 
phosphotungstic acid is decomposed into the cor- 
responding colloidal tungstic acids, A part of these 
acids is precipitated simultaneously with the thio- 
phane-tungstic complexes, while the other part re- 
mains in colloidal ‘solution in the sludge. The precipi- 
tated colloids have a high adsorbent efficiency, 
adsorbing and retaining certain constituents of the 
sludge. Thus, the oil resulting from the decomposi- 
tion of the precipitate contains many of the sludge 
compounds and cannot be considered as representa- 
tive of a thiophane. 

Experiments were carried out, adding to 100-c.c. 
portions of the various sludge fractions sodium plumbite 
and sodium hydroxide solutions, as well as tetraethyl 
lead. 

The sludge fractions, to which a 20 percent (by 
volume) sodium plumbite solution had been added, 
were allowed to stand under frequent shaking for six 
months. After two weeks, a very slight brownish 
precipitate, which did not increase with time, sepa- 
rated out. This precipitate was not in proportion with 
the amount of sulfur present in the different sludge 
fractions (15 to 20 percent). This indication of a 
reaction cannot be attributed to the sulfur compounds 
in the sludge, but can be explained by the presence 
of color-forming constituents of the diolefine or the 
terpene type, which are reported to react with doctor 
solution.** 

Various sludge fractions, treated in the same way 
with strong caustic soda solution (25° Bé), became 
slightly yellow, but neither the sludge nor the alka- 
line solution, when treated with acid and extracted 
with ether, left any residue—an indication that no 
reaction with the sulfur compounds had taken place. 

A portion of 200 c. c. of the sludge fraction boiling 
between 115 and 135° C. (at 585 mm), which contains 
the largest amount of cyclic sulfides, was left in con- 
tact with 20 c. c. of commercial tetraethyl lead (about 
85 percent purity) for six months, exposed to day- 
light. After a fortnight, a brownish precipitate settled 
out. Upon filtering the solution it was found that this 
precipitate was practically insignificant. The filtrate 
remained perfectly clear during the five succeeding 
months, without the formation of an additional pre- 
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cipitate. The slight flocculation during the first fort- 
night should be attributed most likely to impurities 
in the tetraethyl lead. 

In the foregoing discussion on the action of treat- 
ing agents on the sulfur compounds, the effect of 
concentrated sulfuric acid has been mentioned. 

In a previous publication’ it has been pointed out 
in accordance with other investigators, that the open- 
chain sulfides, as well as the cyclic ones (the thio- 
phanes), are completely soluble in strong H,SO, and, 
furthermore, that these sulfides separate out un- 
changed, when the acid solution is poured into a 
large volume of water (sufficiently cooled down). 

The selective removal of the sulfur compounds, 
especially at low temperature, is in all probability 
primarily a solvent process, although the possibility 
of loose combinations between the sulfuric acid and 
the sulfur compounds cannot be excluded entirely. 

At all events, there is a marked difference in the 
behavior of the thiophenes and the thiophanes toward 
concentrated sulfuric acid, Both of these groupings 
contain a divalent sulfur atom, but, while the thio- 
phenes undergo sulfonation, the thiophanes remain 
inert to the action of strong sulfuric acid. 

Another point which should not be overlooked is 
the possibility of condensations between the olefinic 
hydrocarbons of the sludge and some sulfur com- 
pounds promoted by the presence of strong H,SQ,. 
As a result, some of the sulfur compounds may dis- 
appear in the form of resinous matter or plastics from 
the totality of the “sulfosols.” These features will 
be discussed at length when considering the reactions 
of the sludge constituents between themselves. 


Other Sulfosols 

Panuco crude is known as a naphthenic-asphaltic 
base oil, which yields about 68 percent of a 100- 
penetration asphalt. Asphaltic-base oils contain much 
higher percentages of chemically reactive compounds 
than paraffinic-base oils. As a result, even from a 
low-end-point gasoline (170° C.), treated with strong 
sulfuric acid, an extremely complex sludge and a 
large variety of “sulfosols” are to be expected. In 
spite of the highly informative research work done 
by Ormandy and Craven, Brooks and Humphreys, 
von Bibra, Ellis and other known investigators," 
neither the chemical action of concentrated sulfuric 
acid on the oil products, nor its physical action as a 
solvent are entirely understood. 

Generally, this type of sludge contains products of 
polymerization from unsaturated hydrocarbons, prod- 
ucts of oxidation, dehydrogenation, condensation, 
alkyl sulfates, sulfones, etc., in addition to the sulfur 
compounds already mentioned, and other sulfur de- 
rivatives not to be found in Panuco oil. Those con- 
stituents commonly known as “resinous” and “as- 
phaltic” substances, as “unstable hydrocarbons,” as 
“undesirable products,” but whose chemical constitu- 
tion is scarcely known, also should be mentioned. A 
complete description of all these “sulfosols” is far 
beyond the scope of the present work, which should 
be considered only as a preliminary examination on 
a small scale; therefore, conclusions can only be 
drawn with great reserve. 


Condensations 
When the sludge, by treating the Panuco gasoline 
with strong sulfuric acid, is decomposed and steam 
distilled, a considerable amount of resins or “acid- 
sludge asphalt” remain in the still, indicating the 
condensation of various constituents of the gasoline 
itself or of their derivatives. 


February, 1946—A Gulf Publishing Company Publication 





The sludge or some of its components also undergo 
condensation with other products, such as phenol. A 
crude sludge, dissolved in strong sulfuric acid, was 
cautiously heated under reflux in the presence of 
phenol. A reaction started after sometime, and heat- 
ing was continued until the evolution of sulfur 
dioxide had ceased. Contents of th» flask solidified 
on cooling. The character of the plastic thus obtained 
depended on the time of heating. A thermoplastic in 
the A stage was produced when the heating was 
short, i.e., fusible and soluble resins, which may be 
used as a varnish. A plastic:in the B stage was ob- 
tained after prolonged heating, i.e., a thermoplastic 
which is not entirely fusible or soluble. 


The so-called “formolite reaction” can be used in 
such a way as to make resins of a fairly light color. 
This reaction is based on the assumption, which is 
not generally accepted, that the aromatic hydro- 
carbons, their partially hydrogenated derivatives and 
the olefins form condensation products with form- 
aldehyde, while the paraffins and naphthenes do not 
react. An equal volume of formaldehyde (37 percent) 
was added dropwise to a solution of sludge in con- 
centrated sulfuric acid under frequent shaking and at 
ordinary temperature. The reaction was completed 
by heating the flask in a steam bath. An upper layer 
which contained the unreacted hydrocarbons sepa- 
rated out after cooling. The lower layer was diluted 
with a large amount of water and extracted with 
chloroform and other solvents. The solvent then was 
evaporated, leaving a yellow resinous residue, d,, 
about 1.0; np*® 1.5250. It was found that, according to 
the time of heating, an A-stage or a B-stage plastic 
could be obtained, without an appreciable darkening 
of the color. Other condensation reactions will be 
reported later. 

Dimethylsulfate 


Dimethylsulfate which apparently dissolves only 
the aromatic and the olefinic hydrocarbons has been 
proposed for determining the presence of resin oils 
and mineral oils in tar oils.4* Since Panuco sludge 
does not contain aromatics, this reaction seemed to 
offer a means of eliminating the olefins. The indi- 
vidual fractions of the sludge were treated separately 
with dimethylsulfate in a proportion of 2:3. After 
thorough agitation, a violent exothermal reaction set 
in, which caused the mixture to boil for some time. 
During the reaction the flask was connected to a 
condenser. When the reaction mixture had cooled it 
was observed that only 5 to 10 percent (depending on 
the boiling range of the sludge fraction) on the start- 
ing material separated out as a top layer. The lower 
layer was neutralized with a strong caustic-soda 
solution, forming the corresponding sodium salts. 
These salts are very soluble in water, the same as 
those resulting from the neutralization of the re- 
action mixture with concentrated ammonia, trietha- 
nolamine, aniline and other bases. 


Consequently, by treatment with dimethylsulfate, 
the water-insoluble sludge is converted to a large 
degree into water-soluble products, a reaction com- 
parable to the sulfonation of aromatic compounds, an 
important progress obtained in the chemical industry 
because it represents a means of transforming the 
water-insoluble aromatics into the water-soluble sul- 
fonic acids. 

The offensive dimethylsulfate was substituted by 
the inoffensive diethylsulfate, which is also used for 
analytical purposes.*’ At ordinary temperatures, the 
reaction between the sludge and the dietiiylsulfate 
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proceeded at a very slow rate. TABLE 4 


When the reaction mixture was 
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heated to about 90 to 100° C. one Sages 
ethyl group started to react; both | Second H2SO« Treatment 4 
ethyl groups seemed to be active | Gasoline | | Im Insoluble | HCIO« Treatment 
at 140 to 150° os | Treated Dogemeenees Part 3 
be ‘ : as Boiling Range of | Once With Soluble (Raffinate— |—— neeacanmemacecemnene _ Decomposed | (Raffinate— 
Experiments to identify the Panuco Sludge— Com. Part | Phase) | Decomposed HsPO. | Extract . Phase) 
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small quantities of sludge which | | | 
: roe ye “pe angen 70—85° 7543 7505 T7444 7440 
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ful and no definite product could | 1.4302 | 1.4586 1.4312 | 1.4702 1.4332 1.4374 
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distillates obtained at the same => 
temperatures from the sludge, 
previously treated by different methods, are given in with those published’’ in the literature on Peruvian 
Table 4. Column 1 shows the characteristics of the and Russian gasolines (Bibi-Eybat, Balachany), from 
original sludge (gasoline treated once with concen- which an “isodecanaphthen” was isolated, Scotian: 
trated sulfuric acid, decomposition of the separated Boiling point 150-152° C.; d,,. 0.8043 ; 0.8072. 
sulfosols and steam distillation of the decomposed The use of weaker acids (down to 5C percent) did 
products). Column 2 gives the physical constants of not improve the separation of the sludge constituents. 
(A) the fraction dissolved in the acid in the second , ’ 
acid treatment and obtained by decomposing the sul- Phosphoric Acid Treatment 
furic-acid solution with water, and (B) the fraction, In the relation just mentioned the treatment with 
which remained unattacked by the acid. phosphoric acid (85 percent) seemed to offer some 
If the temperature is not kept low (0° C.) during advantages because this reaction excludes the oxidiz- 
the second acid treatment, the extract dissolves com- ing effect produced by sulfuric acid’®; besides there 
pletely in the acid. In general, it has been assumed was some prospect to obtain some kind of floccula- 
that strong sulfuric acid retains its solvent power for tion by introducing into a colloidal solution PO, 
sulfur compounds at all temperatures, but is not an ions, the greater efficiency of which rests upon the 


active polymerizing or sulfonating agent at low higher valance of the PO, ion (--- ) compared with 
temperatures. However, it was found that during the that of the SO, ion (.-- ) ‘ 
second acid treatment more than 12 percent was lost. Preliminary tests indicated that a very small 


As Table 4 shows, the majority of the A products amount of a heavy extract was separated from the 
are heavier than the corresponding B products. This sludge by syrupy acid. Therefore a considerable 
fact is especially evidenced by the fraction 115-135° amount of sludge was required and 20 liters were 
C./585 mm, where the bulk of the C,- and C,-thio- treated with 20 percent (volume) of H,PO, with 
phanes are to be found. Naturally, the isolation of frequent shaking. After 24 hours a heavy phosphoric 
these compounds is easier when the solution has _ acid extract had settled; it was separated and decom- 
become richer, but the quantitative separation of posed by adding a large quantity of water. The yield 
these constituents is by no means complete. amounted to only 1.3 percent = 260 c.c. representing 

The largest fraction of the sludge is the one within a heavy oil: d,) 0.9480; np”? 1.4844. On steam dis- 
the boiling range between 140 and 145° C. After _ tilling the oil, the following was obtained: 


numerous redistillation of the B part of this fraction, : 7 cae, , 
Nee sant hoiline cut 141-148° C. was obtained Thi Condensed water: distillate 2:3) very volatile, strong 
a constant boiling cut 141-14u . Was obtained. 1S Condensed water: distillate 1.5:2 > terpene odor 
cut constituted an azeotropic mixture of about 85 | Condensed water: distillate 2:25 § 60c.c. 
percent of the thiophane C,H,,S and 15 percent of Condensed water: distillate 1:1 | less volatile 

° me © - i iii od o saat. >. : 
associated compounds. This cut could not be further Condensed water: distillate 2:1 ( 

Condensed water: distillate 3:1 ) 60 c. c. 


fractionated by distillation, but one component was 
isolated, sacrificing the thiophane, and treating the |; Condensed water: distillate 4:1 d<l {sq . . 
azeotropic mixture with strong nitric acid (1.42) at Condensed water: distillate 8:1 d>1 4° © 

0° C Since the wane sees mye ; 

C, Since the products of the occurring oxidation When the carry over had become quite slack, the 
are heavier than the starting material, when cold the ee. : ; . o ehye 7 
Ditiiied: anet-ssttiel wet on am annee lavet Afts remaining III resinous residue was separated from the 

< « - < se - < ~ ayer. ic 

PI ty fr water and filtrated ; dry filtrate about 90 c. c. 


the usual purification of this upper layer, a uniform I boiling range 120-180°; de 0.9220, ns” 1.4753, yield 45% 
distillate was obtained, which had the following con- II boiling range 150-205°: ds 0.9510, nv” 1.4855, yield 18% 
stants: boiling point 150-151° C./760 mm; d,, 0.7813; III boiling range 180-235° ; deo 1.0392, nv” 1.5246, yield 34.5% 
np” 1.4235. These data are in fairly close agreement The constants of the products obtained in frac- 
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tionating parts I and II are to be found in Table 
4 (3). It was rather surprising to verify that the 
products boiling up to 115° were obtained in unpro- 
portional small quantities. It may be assumed they 
have been polymerized by the phosphoric acid. But it 
seems not probable that the totality of part I1]—the 
resins—are the phosphoric acid polymerizates of the 
missing light fractions; one part of this resin may be 
formed from gasoline constituents during the sul- 
furic-acid treatment and it was already present as 
“organosols” in colloidal solution. The latter assump- 
tion rests upon the fact that the constituents com- 
pletely soluble in sulfuric acid at ordinary tempera- 
ture often consist of a high percentage of the lower 
members of the olefins.”° 

On distilling the resins (III) up to 230° C., heavy 
products came over with hardly any decomposition. 
The remaining residue, as long as it was warm, 
showed high ductility and solidified on cooling as 
brown brilliant asphalt. Doubtless, a transformation 
of resin into asphalt was verified. 

In spite of the unmistakable terpin odor associated 
with the high volatility of the products from part I, 
with the aid of the typical terpene reactions such as 
chlorhydrate formation or by the formation of 
nitroso- and nitrosyl-compounds, it was not possible 
to identify any terpenes. These reactions only take 
place when in a mixture the terpenes are the pre- 
dominating constituents. On the other side it ought 
to be remembered that with phosphoric acid, euca- 
lyptol and other terpene derivatives give complex 


compounds. ‘ . 
E Adsorption Experiments 


To 100 c. c. of a sludge fraction of boiling range 
140-150°, d,, 0.912; np*° 1.4720, in a narrow measur- 
ing cylinder, so much activated earth “Terrana” was 
added that after vigorous shaking only 20 c. c. of the 
sludge remained as an upper layer. After 24 hours, 
this layer had divided into two parts, 2 c. c. of a 
lower, reddish one and 18 c. c. of an upper part of a 
yellow color; the latter showed d,, 0.9160; np*° 1.4788, 
it had become heavier than the starting material. In 
the same way a second experiment was carried out 
with “Terrana” and a fraction, boiling range 110- 
130°, d,. 0.874; np*° 1.4620; two layers were formed, 
the upper one showing: d,,. 0.880; np?° 1.4670; the 
results of both experiments were in agreement. No 
more material of the very efficient “Terrana” earth 
was available, therefore a domestic activated earth 
had to be used. This time following the same tech- 
nique as before, the two layers were not formed, but 
just the same kind of a negative adsorption with the 
corresponding increase in gravity and refraction was 
noticed. 

Next to this, in a one-liter percolater a sludge 

fraction, boiling range 120-145°, d,, 0.9084; np*° 
1.4760, of strong yellow color was passed through a 
20-inch stratum of an activated earth “Tonsil ACC,” 
the proportion of liquid to solid being 3:2. At the 
beginning, some heat was developed, and the perco- 
lation proceeded rather slowly. Within 48 hours 
about 50 percent of the solution had passed the 
“Tonsil” layer and the filtration was practically at its 
end; the filtrates were the following: 
1) deo 0.9188 ny” 1.4800 filtrate = 50 percent of the starting 
2) dx 0.9188 nv” 1.4800 material, the color of the filtrates 
3) deo 0.9188 ny” 1.4800 was the same as the starting ma- 
4) dao 0.9167 nv” 1.4787 _ terial. 


For different reasons the earth used in the percola- 
tion was not extracted with solvents, but after drying 
between sheets of filter paper the dry earth was steam 
distilled. At the beginning, a quantity of distillate 
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was carried over by the steam in a proportion of 1:1; 
then it slowed down to 3:1, 4:1, 

(1:1) dso 0.8644, np” 1.4520, yellow (main part) 

(3:1) dso 0.8830, nv” 1.4583, yellow 

(4:1) deo 0.9008, no® 1.4623, yellow 

At the end, the steam carried over only drops of a 
light yellow, viscous oil of a perfect terpen odor, 
d.. <1; np*® 1.500; boiling range 150-160° leaving 
a resinous residue. 

So the various activated earths showed a certain 
selectivity towards some sludge components, but 
without adsorbing the coloring matter. 

Just the opposite behavior was demonstrated by a 
“Darco” activated carbon: the filtrates were perfectly 
colorless, but neither the gravity nor the refraction 
were practically different from those of the first ma- 
terial; besides the retention property of the carbon 
was much stronger, only trifling quantities could be 
extracted or thrown out with steam, no definite prod- 
uct could be isolated. 

According to Gurwitsch,” from the different hydro- 
carbon series the unsaturated are most readily ad- 
sorbed by earth, the aromatic are next and then 
follow the naphthenic and paraffinic. But within the 
same class of hydrocarbons the adsorption increases 
with higher molecular weight and the more side 
chains are present in the molecule. However, further 
investigation carried out with unsaturated hydro- 
carbons, especially with terpenes,”* have shown that 
simultaneously with the physical adsorption very 
often a chemical reaction takes place, they are poly- 
merized. . 

The increase in gravity and refraction of the 
“educts” are hinting to the possibility that the physi- 
cal and the chemical actions are proceeding simul- 
taneously, i.e., the unsaturated, to a certain degree, 
are adsorbed within the earth, but partly they become 
polymerized and they are to be met in this state as 
well in the solution as in the adsorbent. Moreover, 
also the changes in concentration within the system 
have to be taken into consideration since the non- 
adsorbed components are being accumulated in the 
solution and the components adsorbed are concen- 
trated at the surface of the adsorbent. 

Regarding the adsorption of sulfur compounds the 
observations made particularly with Mexican oil 
products can be confirmed, namely, that, under nor- 
mal conditions of the quantities of earth used, most 
of the earths have only a restricted selectivity to- 
wards these classes of compounds.”* However, experi- 
ments with silica gel and pentamethylene sulfide 
have to be made up later as part adsorption is 
reported. But even in case of a positive result it has 
to be ascertained how these sulfur compounds are 
behaving when they are not present in pure state but 
how they act in competition with the other constitu- 
ents of the sludge. 

In the case of the phenomena arising when the 
sludge is treated with the very efficient “Terrana,” 
producing two phases, it seems in this adsorption 
process such constituents are eliminated which may 
be considered as “protective coloids” (higher poly- 
merisates or resins) giving the support to the whole 
system. With the elimination of such colloids, their 
“protective properties” inevitably have ceased to be 
effective ; that mears, then the stability of the system 
is annulled, the system disintegrates into heterogene- 
ous components, not quite miscible any more. 


Treatment With Perchloric Acid 
The crude sludge as it results from the sulfuric 
acid treatment of the gasoline contains only about 
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2.2 percent low-boiling (65-105°), almost sulfur-free 
constituents, although the low initial boiling point of 
45° indicates that some of the more volatile material 
is lost during the decomposition and neutralization 
of the sludge. From 10 liters of sludge the first 220 
c. c. distilling 585 mm between 65-105° were separated 
and fractionated into the cuts: 

1) boiling range 65- 75° dx 0.7394, nv” 1.4078 

2) boiling range 75- 85° ds 0.7526, nv” 1.4200 

3) boiling range 85- 95° dao 0.7670, nv” 1.4330 

4) boiling range 95-105° dao 0.8032, ns” 1.4398 

Only the amount obtained as fraction 4 seemed 
sufficient for further elaboration into individuals, 
particularly because a boiling constancy was observed 
at 99-100° C. By repeated fractionation a uniform cut 
was obtained: boiling point 101.5-102° C./585 mm. d4o 
0.7966 ; np®® 1.4412 from which resulted as actual “best” 
lot: boiling point 109.4-110°C./760 mm, d,, 0.7986; 
Np” 1.4434 compared with 4-methylcyclohexene or 
4.-.,3,45 Letrahydrotoluene: boiling point 110.5- 
111° C/760 mm. d,, 0.8017; np” 1.4496 (Beilstein V, 
66/7). 

This compound being unsaturated, it cannot be 
considered as a primary constituent of the Panuco 
crude, but it has been formed as a secondary one 
in the course of distillation or during the acid treat- 
ment. Nevertheless the finding of one of the partial- 
ly hydrogenated toluenes is of some interest because 
these compounds are met in m&ny resin essences. 

The other three light fractions were treated with 
perchloric acid, a new method the investigation of 
which has just been started on the basis of pure 
hydrocarbons. On this treatment and after stirring 
for some time, a heavy extract separated. As a rule 
this extract divides into a light lower and a colored 
upper phase. Thus the sludge fraction is separated 
into three phases, the upper layer represents the raf- 
finate, the medium is the colored one and the lower 
the light one. 

After separating the three layers, the medium and 
the lower are decomposed one by one with water on 
the steam bath; the decomposition is accelerated by 
adding some alkili. The resulting products have a 
perfume-like odor. They are extremely volatile, hav- 
ing very low boiling points, and as a consequence a 
considerable amount of the new products have been 
lost, even when a condenser was connected. As pre- 
liminary working hypothesis, one may imagine that 
a disintegration by oxidation of the unstable sludge 
constituents takes place by the action of the per- 
chloric acid. 

Referring to the data compiled in Table 4 (4), it is 
evident that the extracts obtained with the perchloric 
acid, respectively the products derived from the de- 
composition A are much fighter than the B prod- 
ucts, i.e. the refined ones. 

As shown before, the perchloric acid treatment 
had facilitated the separation of associated com- 
pounds from one of the thiophanes leaving the thio- 
phane C, H,,S in pure condition. In the same way, on 
treating the low-boiling fractions mentioned above 
with HCLO,, the associated compounds were elim- 
inated and after repeated fractionations the following 
hydrocarbons were isolated: 











Boiling Boiling 
Point Point 
585 n20 760 n20 
mm dao D mm d20 D 
65° 0.7430 1.4107 | Methylcyclopentane 71.9° 0.7487 1.4098 
74° 0.7740 | 1.4250 | Cyclohexane 80.8° 0.7787 | 1.4263 
93° 0.7628 | 1.4210 | Methyleyclopentane | 100.8° 0.7694 | 1.4231 


























Another fraction not sufficiently purified, boiling 
point 83-84° C/585 mm, may be a mixture of Trans- 
1-3 and Trans-1-2 dimethylcylopentane with boiling 
pvint at 760 mm of 90.0° and 91.9°. 

Much of the extract obtained was lost on decom- 
posing, especially the part boiling up to 35° C, There- 
fore the data for the low-boiling portion have to be 
presented with a certain reserve: 

Boiling range 35-65° np” 1.4016 

Boiling range 65-85° dso 0.7740 nv” 1.4140 

Boiling range 85-115° deo 0.7836 nv” 1.4332 

As the available amount of these cuts was extreme- 
ly small, any attempt to study the mechanism of the 
formation of the “debris” as well as the structure of 
the decomposed material is hopeless unless sub- 
stances of known structure are used as starting mate- 
rials. This investigation is on its way. 

The perchloric acid method when more developed 
may be of some use for analytical purposes in study- 
ing hydrocarbon mixtures. At the same time the 
method may serve for technical purposes, so much 
the more as the acid has become a commercial prod- 
uct available in sufficient quantities. Last but not 
least, it is a prejudice to believe there is any danger 
in handling the acid; only the 100 percent acid is 
explosive, whereas the aqueous solution with 60 to 
70 percent content proved to be harmless. 

‘Although the following experiment is not within 
the scope of the present investigation, it serves as 
example for thé technical applicability of the per- 
chloric acid method. On treating a Mexican un- 
treated lubricating stock with 10 percent (volume) 
perchloric acid (60 percent) a heavy emulsion occurs. 
The following day, it was observed that the lower 
layer which in the meantime had separated had be- 
come almost a solid, from which the treated oil was 
decanted. About 10 percent of the starting material 
had been taken up by the acid. 


Raw Material Treated Material 


deo 0.927 0.926 
Visc. at 100° F. 339’ 357’ 
Visc. at 212° F. 52’ 54’ 
Viscosity Index 74 87 


This subject will be reported more extensively 
later. 

In the previous report on the Panuco sludge (“Re- 
finer” January, 1943) one paramount aspect was 
pointed out, i.e. the value of the sludge as potential 
first material for the organic chemical industry. In 
this connection only one statement may be added: 

One barrel of sludge is the equivalent of “Light 
Oil” (up to 180° C.) resulting from coking 32 to 35 
tons of coal. 
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Evaluation and Manufacturing Methods of 


Ball- and Roller-Bearing Greases 


|, ae has been written relative to testing and 
proper application of anti-friction bearing greases, 
but. very little emphasis has been placed upon the 
manufacturing of these greases, especially in regard 
to the fats and mineral oils used. 

The Annular Bearing Engineers Committee has 
set certain specifications that ball and roller-bearing 
greases should meet to pass the ABEC test, but, as 
has been pointed out by several investigators, the 
time element in this test may be too short to give 
accurate results for comparison with greases used in 
actual service, such as when comparing wheelbearing 
greases with the results obtained in the ABEC test- 
ing machine. 

Non-conformity of the ABEC machine can easily 
be found if the operator uses the test too long, i.e., 
since clearance (plate seal) is supposed to be the 
main guide for grease leakage, this clearance is 
easily increased when too many tests are made with 
the same bearing, at the high speeds and tempera- 
tures used in this machine. 

Usually the lighter grades of greases show a 
greater percentage of leakage than the heavier grades, 
however; unsuitable greases are shown up very 
quickly in this machine, for instance, when the soap 
is made from poor or unsuitable raw materials, it 
will thin out very quickly and the leakage is very 
great, while if the soap is cooked with a too long 
fibre or too rubbery, the grease will wind around the 
mixer stem and is thrown out of the cup by the 
centrifugal force. Either of these two greases would 
not be suitable for anti-friction bearings. 

There are also greases that leak through the plate 
seal when operated even at room temperatures, but 
do not leak or very little at the medium or high 
temperatures specified for this test. Very few soda 
soap greases thin out at the higher temperatures. 

Tests have shown that the same amount of leakage 
occurred with the milled greases as with the un- 
milled greases when used in roller bearings, while 
the ball bearings showed a trifle more leakage for the 
milled greases. 

Different ball- and roller-bearing-testing outfits 
have been designed and used, but very few actually 
compared with the results obtained in actual service, 
such as grease lubricated bearings of electric motors, 
as has been pointed out by H. A. McConville* in his 
paper delivered before the ASME meeting in Chi- 
cago. May 2, 1945: “A test setup consisting of 
number of bearings running on a shaft which can be 
heated separately or collectively is not advised, 
mainly because the grease acts differently in motor 
bearings. Its action will be different in a bearing 
with a shaft passing through it from that in. one 
attached to a shaft on one end and fastened on with 
a nut enclosed by an end bearing cap, as is customary 
on the end of the motor opposite the coupling end. 


* Evaluation of Ball and Roller Bearing Greases in Electric Motors. 
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Grease in this end of the motor usually will become 
much stiffer. The best check on changes of consis- 
tency of a grease is, therefore, made by testing the 
hardness of the grease in this bearing at the end of 
the test.” McConville also called attention to the fact 
that speeds of 3600 r.p.m. break down many greases 
in a very short time, while the same greases will 
work satisfactorily for months at 1800 r.p.m. in the 
same bearing. 

In using several testing machines, the grease 
technician will obtain valuable information, such as 
oil bleeding, soap separation, increase in consistency 
or thinning of the grease, etc., as long tests at 
normal or medium high temperatures, give very 
consistent results. 

Excessive high temperatures that coke the coap 
or oil in the grease are not advisable, as no lubricant 











TABLE 1 


Ball-Bearing Test Run on No. 756 grade B, and 
No. 745 grade B Water-Resistant Bearing Greases 


Balk Wear tee. MOOR ik 6.6.6 ac ck et lee S.K.F. No. 6209 
ey 966 r.p.m., equivalent to 75 miles per hour 
Pressure Ott DONO. 6 iss obs centb ivcaede other 100 p.s.i. 
Grease charged (2 bearings)................00. 19 grams 
Average box temperature..............ccceeeeee. 142°F, 
Average bearing temperature on No. 756 grease. .158.4°F. 
Average bearing temperature on No. 745 grease. .161.3°F. 
Average bearing temperature rise on No. 756.... 16.4°F. 
Average bearing temperature rise on No. 745.... 19.3°F. 
Weight of bearing, for 

POG Foe MS kc i cs ccs os ek ee 406 grms. 

a ey 405 grms. 
Weight of bearing plus grease 

OR TS an ee 415 grms. 

eT Tree 415 grms. 
Grease charged 

ee Te 9 grms. 

eee er 10 grms. 

After Test Run 

Weight of bearing and grease 

Oe eee rere ee 415 germs. 


Pe: 74D MOGROE . 6 occ cates vhs tehesee eee 415 germs. 
Weight of grease in bearing 

OG Fae MIE ss. 0 5 os was pee 

MO. 750 BONES és s ceed ias Sie ee eee 
Weight of grease on housing 

No... Fae MO ic A KES er Wek cakes hi ate none 


No, Fee cS 5 ait s he cceniasaaden ts nnaes 1 grm 
Grease used 

INO. 750 BEORMEs Ook wed cx inde acd cie cee cenkoe none 

PE, Fe ONE ons cnn tos dd asked dcninsseanceen none 


Increase in consistency after 25,000 miles: 
No. 756 grease.....1.16 times as heavy, or 16 percent 
No. 745 grease..... 1.20 times as heavy, or 20 percent 

No. 756 (B) grease, after run O.K.; no oil separation; 
no rancid odor; no discoloration. 

No. 745 (B) grease, after run, shows slight trace of oil 
separation; slightly grainy after 16,000 miles, no rancid 
odor, no discoloration. 
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can stand such high temperatures for any length of 
time. A grease made from hydrogenated fat and a 
medium-heavy oil and tested at 700°F. did not sep- 
arate the soap in lumps, but rather, due to the churn- 
ing action of the bearing, it was made into a heavy, 





FIGURE 1 
A. F. bearing grease, after 10,000 miles 


dark brown colloidal liquid, and no benefit was 
derived from the soap at this temperature, 

Results of different bearing greases made in a 
simple testing machine, equipped with two No. 6209 
SKF ball bearings are shown after the test run in 
Figure 1 and Figure 2. These bearings were held in 
a sleeve-type housing and could be operated at vari- 








FIGURE 2 


peratures were taken every half hour. The speed 
was 966 r.p.m. or equivalent to 75 miles per hour 
and the load was 100 p.s.i. The greases were run for 
10,000 and 13,000 miles, Figure 1 and Figure 2, re- 
spectively, and some of the greases were tested up 
to 25,000 miles as shown in Figure 3 and Figure 4. 
These two greases were water-resistant bearing 
greases made according to U. S. Navy specifications. 
Table 1 shows analysis of run made on these two 
greases. 

Figure 5 and Figure 6 show the difference between 
a zinc-oxide grease and a grease containing titanium 
instead of zine oxide. The titanium oxide caused a 
slight rubbery consistency and had a tendency to 
work out of the bearing more than the zinc-oxide 
grease, although both operated at about the same 
temperature. 


Manufacturing Methods and Processes 


The raw materials used, method of processing the 
soda soap, and finishing the batch, are of the greatest 
importance if a satisfactory grease of this kind is to 
be produced. Some grease makers use only one fat 
and a caustic soda solution to make a common ordi- 
nary soda soap, while others use from 1 to 4 different 
fats to produce the same type of soap. 

The reason for using more than one fat is that 
each ingredient or specific fat has certain beneficial 
effect on the finished greases, e.g., beef tallow alone 
produces a long-fibre soda-soap grease, like the 
sponge greases, while a combination of beef tallow 
and stearic acid produces a medium-long fibre. This 
combination of fats was especially needed during the 
past four years, when beef tallow lacked the usual 
stearin content and made a sloppy soft soap which 
produced a low yield. 

Other combinations of fats for high-grade soda- 
soap anti-friction bearing greases are: hydrogenated 
fats combined with a small amount of beef tallow or 
lard oil, or combinations of beef tallow, hydrogenated 





A. F. bearing grease, after 13,300 miles 


ous temperatures, speeds and pressures. An auto- 
matic rheostat controlled the box which enclosed the 
bearing machine and each bearing housing was 
equipped with a thermocouple for reading tempera- 
tures on a potentiometer. The bearing and box tem- 
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fats with a small amount (about 3 percent) of lanolin 
or 1 to 1% percent wool fatty acids, in place of the 
lanolin. These fatty acids are by-products from the 
manufacture of lanolin and adeps lanae. Such com- 
binations of fats produce high-grade soda soaps for 
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both the anti-friction bearing greases and the wheel 
bearing greases. They are desirable for reducing the 
length of fibre in soda-soap greases and therefore do 
not require much milling and are only slightly 
effected by heat. 








agents in calcium-soap greases, so that they may be 
heated to temperatures above 212°F. and on cooling 
return to a satisfactory grease condition, rather than 
separate into oil and soap. These wool fat fatty acids 
have an acid value of 184.5; a saponification value 





FIGURE 3 
Water-resistant bearing grease, after 25,000 miles 


The Maag oven test (heating the grease in the 
ASTM worker cup, gradually from room tempera- 
ture to 210°F.) will take about four hours. The cooled 
grease should now have about the same ASTM cone 
penetration as the original worked cone penetration. 


Zz Suu , 


of 203.5; and 1.5 percent of unsaponifiable matter. 
Most of the anti-friction bearing greases are 
straight soda-soap greases, but optional specifications 
call for a soda-lime soap grease, usually not more 
than 3 percent calcium soap in the total batch, or a 





FIGURE 4 
Water-resistant bearing grease, after 25,000 miles 


This remarkable performance of a soda-soap grease 
is due to the small amount of lanolin or wool fatty 
acids used, in combination with other fats in making 
the soap and also to a certain extent of cooking. the 
soap and finishing the batch. 

Wool fat fatty acids can also be used as stabilizing 
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6 to 1 ratio of sodium to calcium soaps. Such greases 
are satisfactory when used up fairly fast, as they do 
not keep sweet as long as the straight soda grease 
and have a tendency to bleed while in storage. 

The specifications call for 19 percent total soaps 
by analysis. Therefore, 18.81 percent of soda soap 
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FIGURE 5 
Zinc oxide grease, after 25,000 miles 


and 2.72 percent of calcium soap are required in the 
manufacture to obtain the following analysis: 


Percent 

EEE os ven eccenen ees SL GRD al ge tly okie ied 16.99 
EN 6 0 an iaingo b> Ve 6 6% cc Oh cee Di es eees sere 
ee ee akc ak bee saacden 0.00 
i 0.20 
gp bdima ub bua wa xo 0.00 
Nt ek elbealewubs 0.04 
Mineral Oil (309 Vis. at 100°F.).................. 79.18 
eee vaaw wan es 0.30 
99.14 


Stability or breakdown tests on these greases show 
about 5 percent breakdown (softening), up to 5,000 
strokes and 10 percent breakdown at 10,000 strokes 
which indicates a very stable and well made grease. 

Worked cone at 77°F. 


60 strokes ASTM (%-inch holes) — 237 
180 strokes ASTM (%-inch holes) — 250 
400 strokes ASTM (%4-inch holes) — 250 
1,000 strokes ASTM (4%4-inch holes) — 240 
2,500 strokes ASTM (%4-inch holes) — 257 
5,000 strokes ASTM (%-inch holes) — 249 
10,000 strokes ASTM (%-inch holes) — 263 


Smooth short-fibre greases are desirable for the 
lubrication of anti-friction bearings, and all long-fibre 
greases should be kettle milled or put through some 
special milling or homogenizing equipment ; however, 
not all ball or roller-bearing greases need heavy 
mechanical milling. Homogenizing (holding the fin- 
ished batched at about 170-180°F. temperature for 
from 4 to 8 hours) will complete the saponification 
of any small amount of free fat with the free alkali 
that is present in the grease, thus, preventing exces- 
sive increase in consistency, either in the oven test, 
or under actual service conditions. 

The lubrication of ball bearings differs radically 
from those of plain or sleeve-type bearings. Since 
the contact between the balls and their spacers pro- 
duce a form of “sliding” rather than rolling friction, 
lubrication is required at these points. 

Three different frictions have to be considered, 
rolling, sliding, as well as the internal friction of the 
grease itself, therefore, the coefficient of friction and 
the friction torque-should not be confused. The lubri- 
cant must have very adhesive and suitable polar 
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properties, yet with the least possible internal friction. 

Running torque tests should average about 4 to 
5% percent of that of the starting torque. The grease 
must be able to dissipate heat caused by the deforma- 
tion of the load-carrying members, yet must have 
sufficient consistency to prevent churning. It must 
not get rancid or separate soap or produce rust and 
corrosion of the bearing parts. 

The syneresis test should shown no oil separation. 
The resistance to oxidation can be improved or pre- 
vented by the use of suitable anti-oxidents. 

Ball-bearing manufacturers’ specifications call for 
greases that show no evidence of rancidity in 18 
months storage in bearings, when individually 
packed and sealed. No oil leakage, hardening or 
gumming should take place and the bearings should 
turn freely when tested by hand. 

The oxidation and long-time-storage stability can 
also be tested with the Norma-Hoffman oxidation 
bomb test at 210°F. and 110 pounds initial oxygen 
pressure. The grease should not show more than 5 
pounds drop in oxygen pressure following a 100-hour 
run, using a 20 gram of the sample of the grease on 
the standard glass sample dishes. 

Many lubricating engineers claim that the soap in 
a grease does not lubricate, but only acts as a carrier 
for the oil, and therefore, in making the grease, an 
oil should be selected that would be used if the ball 
and roller bearings were only oil lubricated, There 
are exceptions to these claims, as shown for instance, 
in the low-temperature, low-torque bearing greases, 
where the soda soap is completely absorbed by the 
oil and the small amount’ of E.P. additive added to 
the oil does not require the heavy-viscos*ty oil re- 
quired if the bearings are lubricated with « i alone. 

Since the soap is completely absorbed ty the oil 
in this low-temperature process, some benefit must 
be derived from its polar particles which would not 
be present in a plain oil. The lower viscosity of the 
high-film-strength oil in this grease will result not 
only in a lower coefficient of friction but in lower 
bearing temperatures, which after all is the true 
index of all good lubricants, 
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FIGURE 6 
Titanium oxide grease, after 25,000 miles 
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Motor Voltage Considerations 





In Oil Refineries 


E. KUN, The Lummus Company 


_ 
ne of voltages for motors in oil refin- 
eries and similar industrial plants is commonly deter- 
mined in accordance with rules and practices estab- 
lished for a number of years, and not on the basis of 
economy as affected by the latest developments in 
the arts and with consideration to supply system 
requirements. 

Three-phase motors for 440-volt and 2200-volt 
service are the types most frequently used, with a 
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dividing line varying between 50 and 100 horsepower 
with the different industrial plants, The reason for 
going to 2200 volts for 100-, 75-, 60-_and even 50- 
horsepower motors is claimed to be a saving in 
cables and conduit for the motor circuit, and a saving 
of transformer capacity when the usual 2300-volt 
distribution system is available. In former times 
when 2200-volt motor-control equipment of standard 
type (NEMA~—I enclosures), and low interrupting 
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capacity could be used, a saving could be obtained 
by applying the higher voltage to motors of sizes 
under consideration. Today, however, due to the 
more or less universal requirements of the so-called 
“explosion-proof” (Underwriters’ Class I, Group D 
type) control equipment, and the higher interrupting 
capacities demanded by the electrical system, the use 
of the higher voltage, for sizes of motors up to and 
somewhat above 100-horsepower, usually results in a 
waste of money and space for control equipment. 

The purpose of this article is to determine the 
practical limitation of motor sizes for the economical 
application of voltages. The accompanying tables 
contain approximate costs of material which are 
representative figures for motors, control equipment 
and wiring in oil refineries, where “Class I, Group D” 
type equipment must be used. These figures should 
suffice for comparison, as labor costs are about pro- 
portional to costs of material. 

Comparison of Tables 1 and 2 indicates that motors 
of sizes up to and including 125-horsepower should 
definitely be for 440-volt service. In case of i50- 
horsepower the figures indicate a slight saving in 
favor of the 2200-volt motor. However, it must be 
remembered that the cost of motor feeders, incoming 
line equipment, etc., varies with local conditions’, and 
the figures may vary slightly in favor of either volt- 
















































TABLE 1 
440-Volt Equipment 


HORSEPOWER 





Motor, 440-volt, 3-phase, 60- | | 

cycle, 1800 rpm, squirrel-cage, | 

explosion-proof $ 851 986 1294 1660 1923 2456 
‘ontroller, 440-volt, combination 

type, oil-immersed magnetic, 

across-line, with cireuit break- 

er, Claes I, Group D, construe- 

tion, including explosion-proof 

push-button station mounted 

at motor 410 | 410 410 850 S50 850 
440-volt enclosed bus and inter- 

connections at controller as- 

sembly 53 57 64 108 112 135 
Motor feeder (varnished cambric 

insulated, lead covered cables) 

also push-button pilot cable, in- 

cluding conduits and fittings 

for both, based on 100-ft. length 184 225 273 387 138 550 
Estimated share of main 440-volt 

circuit breaker, and incoming 


~ 


service feeder 150 190 250 315 375 500 
Estimated share of 2400-480-volt 
transformer station 240 300 400 509 600 800 
Total of all items $1888 2168 | 2691 3820 4298 5291 
TABLE 2 


2200-Voilt Equipment 


HORSEPOWER 





60 


~ 
uw 


100 


125 


200 











Motor, 2200-volt, 3-phase, 60- 
cycle, 1800 rpa uirrel-cage, 
explosion-proof 

Controller, 2200-volt, oil-immers- 
ed, magnetic, across-line, with 
50,000 KV A interrupting rating 
Class I, Group D con- 
struction, including explosion- 
proof push-button station 
mounted at motor 

Disconnecting switch, 3-pole, oil 
immersed, 5 KV or 7.5 KV rated 

2200-volt bus and interconnec- 
tions at controller assembly 

Motor feeder, (varnished cambric 
insulated, lead covered cables) 
also push-button pilot cable, in- 
cludi conduits and fittings 
for both, based on 100-ft. length 

Estimated share of main 2200- 
volt incoming line panel and 
incoming service feeder 


Total of all items 
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$ 972 


1340 
205 


160 


195 


1107 


1340 
205 


160 


1385 


1340 
205 


160 


1746 


1340 
205 


160 


195 


300 


2005 


1546 
205 


1¢0 


1340 
205 


165 





age. The deciding factor should be, in this case, the 
higher maintenance of the high-voltage control equip- 
ment, for which reason 440-volt equipment will prove 
more economical in the end, for 150-horsepower 
motors. 2200 volts should be selected for 200-horse- 
power and above, with equipment such as included 
in the above tables. 

There are two other types of 2200-volt control 
equipment very often used in oil refineries. One is of 
switchboard-panel construction, employing a low- 
interrupting type oil-immersed contactor with a set 
of high interrupting capacity type, current limiting 
fuses in disconnecting mounts. The cost of such 
equpment for semi-hazardous locations is aproxi- 
mately $1650 list (including controller, disconnecting 
device, bus and interconnections) and, therefore, the 
above conclusions should also apply when such 
equipment is considered. 

Another 2200-volt control equipment is the so- 
called “metal clad” switchboard-panel type, employ- 
ing oil circuit breakers of 50,000 KVA interrupting 
capacity, disconnectable by means of a lowering de- 
vice. The cost of such a panel is approximately $2500 
net (including controller, disconnecting device, bus 
and interconnections) indicating that even 200-horse- 
power motors should be for 440-volt service for 
economy, where such 2200-volt equipment must be 
used. 

An analysis, similar to the above, but based on 
standard industrial equipment, was presented in a 
recent issue of the General Electric Review, by D. L. 
l;eeman of the Industrial Engineering Division, Gen- 
eral Electric Company (“Industrial Power Systems,” 
pages 17 to 20, inclusive, General Electric Review, 
April, 1945). Beeman’s conclusions are that “For 
motors less than about 200-horsepower rating, refer- 
ence to curves will show that 440-volt motors 
make possible the least investment in the electric 
equipment, regardless of primary voltage. Thus, all 
motors rated about 200-horsepower or less should be 
operated on systems rated 600 volts or less, regard- 
less of the primary voltage selected.” He also states 
that “the effect of explosion-proof requirements will 
have little bearing on the basic factors .:. .,” which 
statement coincides with the analysis presented in 
this article. 

Beeman further states that “Where a choice of 
primary voltage can be made, it is usually more 
economical to select 4160 volts than 2400 volts—even 
where the percentage of motors above 200-horse- 
power is as high as 50 to 60 percent of the total 
plant load.” 

As a rule, oil refineries use 2300- or 2400-volt 
systems with 2200- or 2300-volt motors for the larger 
sizes. Motors for 4160 volts are somewhat more ex- 
pensive than for 2200 volts, The present approximate 
costs of 4160-volt, 3-phase, 60-cycle, 1800 revolutions 
per minute, squirrel-cage, explosion-proof motors are: 
75-horsepower, $1550; 100-horsepower, $1950; 125- 
horsepower, $2360; 150-horsepower, $2560, and 200- 
horsepower, $2960. 

The cost of control equipment and other items, for 
4160-volt service is about the same as those given in 
Table 2. Therefore, in a new development where the 
choice between 2300-volt and 4160-volt distribution 
is not impeded by consideration for existing installa- 
tion, the choice can be based on the saving in the 
distribution system affected by the use of the higher 
voltage, as against the higher cost of the 4160-volt 
motors. 
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GAS FLOW AND CONTROL 






































































































































| INDEX 8. * ,The gas to be treated enters contatcor 
A. 10’ x 30’'—50 psi contactor tower with P-3 Glycol from storage té pump. ak ae tahete ou te plates in. the 
4 trays and outlet scrubber sec- P-4 Glycol from pump to contactor. = aoe chamber where it makes contact 
tion. P-5 Glycol from contactor to still. counter flow with a predetermined stream 
B. 24” x 48’-0"-50 psi still with 16 trays P-6 Glycol from still to pump. 4 of hydroscopic solution (D.E.G.) line P-4 
and internal condenser section. P-7 Cold water to still. and the moisture cotent from the is 
C. Diethylene glycol cooling section. P-8 Warm water from still. taken up in the solution. The ted 
D. Diethylene glycol heat exchangers. P-9 Instrument air. gas discharges from the top of contactor 
E. Diethylene glycol preheater. P-10 Steam supply. through line P-2 and enters gas distribution 
F. Diethylene glycol oil separator. P-11 Condensate. g system. Control of moisture content of the 
| G. Diethylene glycol storage tank. P-12 Field gas from glycol separator to H treated gas is automatically checked and 
| H. Diethylene glycol skimmer. still. Fd recorded by humidity recorders as shown 
1. Diethylene glycol circulating pump. P-13 Glycol-oil frem glycol separator. > at left of contactor 
P-1 Gas in. P-14 Glycol from oil separator to storage. ™}/ _. 5 
P-2 Gas out. P-15 Waste oil to drain. 3 CYCLE 
+ The cycle starts with the passage of gas 
5 through the contactor where it meets the 
~ incoming sera) S glycol om — 
storage tan rough line P-3, nce 
COOLER to the absorber chamber in contactor (A). 
The pressure of the gas in the contactor 
C forces the glycol and water mixture back 
= from the bottom of the contactor, through 
the separator, heat exchanger and pre- 
heater (E) in line P-5 to the still (B), the 
: lower portion of which is equipped with o 
on suitable arrangement for heating 
) eos to x pete ap - 
. iciently high to drive off excess water. The 
peek concentrated glycol in the bottom of the 
still is maintained at a suitable level by a 
j controller, and as the level tends to rise, 
j F. glycol is released to flow back te the surge 
i ae ete tank and the cycle is completed. 
} ' tw. . ¥ 
= BA = aa at requ 
: = 
. 4 
E a D 
~ SSS = —_ iw 
PR VALVE re u =, q 
1 P-13 
WATER FROM BOILER FEED PUMP 
INSTRUMENT AIR SUPPLY L 
CONTACTOR GLYCOL SEPARATOR HEAT EXCHANGERS STL PUMP D.E.G. STORAGE Oil SEPARATOR 





Flow diagram, Long Beach Gas Dehydrating Plant 








Diethylene Glycol Plant Dehydrates 


Gas to Exact Specification 


|# ORDER to meet moisture specifications in 
natural gas for the city of Long Beach, Wilmington 
Gasoline Company, Terminal Island, California, is 
operating a dehydrating unit as part of its gasoline 
plant operations. Ga’ for city use must have delicate 
specification of so little moisture that no free water 
will condense in the distribution system, yet suffi- 
cient moisture to prevent internal dry rot. 

The diethylene glycol unit, built by the city, is so 
operated by the Wilmington plant staff that about 
70 percent of the moisture content of the residue gas 
from the absorbers is held within close dew-point 
limits. The unit consists of contactor, heat exchang- 
ers, glycol reconditioning still, scrubbers, separator 
pumps and instruments for keeping most of the 
operations in automatic status. It processes 15,000,- 
000 cubic feet of gas daily. 

Its operation calls for maintaining a delicate bal- 
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ance between the counter flow of the wet gas and 
the circulated diethylene glycol. Residue gas comes 
from scrubbers. at the base of the absorbers at 
around 35 p.s.i. and flows directly to the diethylene 
glycol contactor without reduction in pressure. The 
contactor is 10 feet inside diameter and 30 feet high, 
having four trays, equipped with bubble caps, set 
into the vertical midsection with conventional down- 
comers and liquid seals. 

An effective mist extractor is set in the shell of 
the contactor, occupying the upper part and fitted 
with a liquid back-trap through a downcomer and 
liquid seal so as to prevent bypassing of the gas 
leaving the contactor. Residue gas treated by con- 
tact with the diethylene glycol leaves the contactor 
at the top and flows into the lines to the city gas 
holders. Humidity-recording instruments are in- 
stalled both on the inlet lines at the contactor and 
the outlet manifold so as to provide a continuous 
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Wilmington Gasoline Company's Terminal Island 
gas dehydration plant which conditions fuel to 
specifications exacted by City of Long Beach. 


record of the effectiveness of the 
extraction of moisture from the 
gas. 

Diethylene glycol is pumped at 
an average rate of 30 gallons per 
minute with a 6x 5x 12-inch sim- 
plex steam pump, taking suction 
from the diethylene glycol storage 
tank, but equipped with manifolds, 
level controls and diaphragm 
valves so that the suction may be 
taken directly from the base of the 
reconditioning still if the flow from 
this-vessel is sufficient to maintain 
the circulation at the predeter- 
mined rate. If the quantity flowing 
from the base of the still is insuffi- 
cient, due to lag in the system, to 
supply adequate suction volume 
for the circulation pump, auto- 
matic controllers open the suction 
line from the storage tank. Like- 
wise, if the return from the still is 
greater than the predetermined cir- 
culation rate, automatic controllers 
open the flow-back line to the stor- 
age tank. In fact, the pump is 
always on the line, and the instru- 
ments operate so that there is no 
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build-up, nor is there ever any lack of diethylene 
glycol for pump suction, 

Diethylene glycol is discharged from the circulat- 
ing pump through a bank of temperature interchang- 
ers, shell-and-tube type, designed for counterflow to 
a bank of coolers which are connected directly to the 
contactor. Internal working pressure forees the 
diethylene glycol through level controllers, one con- 
trolling the level in the base of the contactor and 
another controlling the level in the downcomer sec- 
tion at the bottom plate of the still, through a bank 
of heat exchangers and a single steam-heated pre- 
heater to the diethylene glycol conditioning still. 
The diethylene glycol with its load of moisture is 
maintained invariably at 265°F., so that when the 
commodity enters the still the water will be above 
normal sea-level boiling temperature and pass off as 
low-temperature steam. 

The still is 24 inches outside diameter by 48 
feet high, and equipped with 16 bubble trays for frac- 
tionating the diethylene glycol from the water vapor. 
In the top of this column is a continuous coil through 
which plant cooling water is circulated to maintain 
the top temperature at exactly 225°F. Two tempera- 
ture recorder-controllers are employed on the still, 
one controlling the volume of steam to maintain base 
temperature, and the other operating on the water 
cooling line so that the top temperature remains 
constant throughout the operation. Two level con- 
trollers operate at and near the base of the column 
to control the flow of the diethylene glycol through 
this unit. One level controller is mounted on the 
downcomer section of the bottom plate to prevent 
excessive flow to the column, and the other operates 
on the fluid in the base to prevent 
excessive withdrawal from the 
fluid: section in the base of the still. 

A small diethylene glycol-oil sep- 
arator is set into the line leading 
from the contactor to the first bank 
of exchangers so that any absorp- 
tion oil which may be carried with 
the residue gas can be separated 
from the diethylene glycol and dis- 
posed of without contaminating 
the reconditioning still. Diethylene 
Glycol is siphoned from the base of 
the separator, and oil is skimmed 
from the top of the column of fluid 
and passed through a disposal line 
to a secondary skimmer set near 
the surge tank. 

During October, 1945, this de- 
hydration plant handled 267,258,- 
000 cubic feet of residue gas with 
an average water removal of 400 
pounds per million cubic feet of 
fuel being treated. The loss of di- 
ethylene glycol has been reported 
to be negligible; repeated gauging 
of the surge tank shows a high 
- reading, then a low one, but with 
an average, the consumption of di- 





Mid-section of glycol still, Terminal Island gas 
conditioning plant, showing the level controllers. 


ethylene glycol is extremely small. 
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Fullers Earth as a Binder for 





Catalysts and Adsorbents 


R. G. CAPELL, R. C. AMERO, and W. H. WOOD 


Floridin Company, Warren, Pennsylvania 


| rn is a grade of Florida-Georgia fullers 
earth (floridin) that can be kneaded with water to 
form a sticky, plastic mass or a creamy suspension. 
Plasticity reaches a maximum at 180° F. then gradu- 
ally disappears (see Figure 1) and adsorptive and 
catalytic activity is developed, as the fullers earth is 
heated to progressively higher temperatures. Maxi- 
mum adsorptive or decolorizing capacity is usually 
developed by heating to 1200° F., and maximum 
dehydrating capacity is obtained at 600° F., whereas 
a temperature of 700° F, destroys the plastic proper- 
ties and forms a hard granule or pellet resistant to 
breakdown in water or steam. Above 1200° F., ad- 
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Effect of activation temperature on plasticity and adsorptive 
capacity of Floridin. 


sorptive and catalytic properties decline. Since the 
ordinary “commercial” grades are processed to give 
optimum performance in the decolorizing, neutraliz- 
ing and sweetening of petroleum products, the plastic 
properties of floridin are not widely known. 

The problem of forming fine powders into strong 
pellets or granules arises frequently, particularly in 
catalyst manufacture." The pzoperties of Florigel 
prompted an investigation of its possible advantages 
as a binding agent, in place of the non-adsorptive 
bentonites or ball clays that have been used in the 
past.2, Experimental samples were prepared by dry 
mixing a finely ground catalytic base material and a 
binding agent, then kneading in the desired amount 
of water and extruding the mixture through a ma- 
chine (Figure 2), which has a 2%-inch diameter 
barrel and is driven with a 5-horsepower motor at a 





February, 1946—A Gulf Publishing Company Publication 


maximum auger speed of 59.6 revolutions per minute. 
The extrusion die used was %-inch thick, with 8 
holes %-inch in diameter. The maximum working 
pressure against the die plate is approximately 2000 
pounds per square inch. For these tests, the air- 
driven plunger feeder was removed, and the mixtures 
fed manually. The extrusion process was used, 1 
preference to briquetting or pilling, because it ap- 
pears to be more economical in commercial produc- 
tion, and considerable experience had been accumu- 
lated on this method of treating fullers earth.* 

The extruded rods were dried at 1200° F. in an 
electric muffle, then allowed to cool in sealed con- 
tainers and tested for crushing strength, which is a 
measure of the weight required to crush an extruded 
rod between a steel bar %-inch wide and a steel 
supporting surface %-inch in diameter. Each value 
represents an average of at least 10 crushing tests 
at right angles to the axis of the rod. A pill 
strength of 20 pounds is the minimum usually con- 
sidered acceptable. For comparison, the pill strength 


of ordinary blackboard chalk is about 28 pounds. ' 


Figure 3 shows pill strength obtained by using 
various amounts of Florigel and ball clay. About 8.5 
percent Florigel was required to give a strength of 20 
pounds with bauxite whereas approximately 19 per- 
cent of ball clay was needed. With diatomaceous 
earth approximately 20 percent Florigel will give a 
20-pound pill test, but a much higher percentage of 
ball clay is necessary to reach 20 pounds. 

The factors important in good extrusion have re- 
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FIGURE 2 


Extrusion machine 
































eee ae ine are ly AR mn A 





ceived widespread attention in the ceramic industry, 
but the conclusions reached cannot be applied in their 
entirety to catalyst manufacture, since the ingredi- 
ents, degree of heat treatment, and properties desired 





is quite’ different. For example, about 150 percent 
more water must be added to Florigel than to an 
equal volume of ball clay to reach the same con- 
sistency. The base materials that are usually being 
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FIGURE 3 


Comparison of Florigel and ball clay as binders 


in the end-product are quite different. However, the 
following factors are significant: 

1. Fine grinding of the ingredients before extru- 
sion increases pill strength. The kieselguhr and 
bauxite used were ground through 200 mesh. 

2. Thorough mixing increases pill strength. It is 
not unusual to extrude a mixture three or four times 
to augment whatever other means of mixing was 
used 

3. The quantity of water added, as well as the 
thoroughness with which it has been mixed, affects 
the power consumption of the extrusion machine, the 
rate of extrusion, and the strength of the extruded 
products. Usually the most suitable consistency is a 
stiff mud, and the amount of water which must be 
added to various materials to reach this consistency 
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Power requirements for extrusion with varying amounts of water and 
binder with 200 mesh bauxite as the base. 
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bonded together by extrusion require a_ certain 
amount of wetting although they contribute very 
little to the plasticity uf the mixture. 

At high moisture content, the fluidity is so great 
that the mixture churns or “feeds back” around the 
extrusion auger. With decreasing water content, the 
rate of extrusion increases until the pressure against 
the die is great enough to cause feedback, even with 
stiff mixture, or the machine becomes over- 
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Effect of adsorption of moisture from the air on crushing strength 


with 5 percent Florigel, the maximum rate of pro- 
duction was reached at a free moisture content of 
approximately 24 percent. Figure 4 shows the effect 
of varying amounts of water and Florigel on the 
power required for extrusion. 

4. Additives such as tannic acid, sodium carbonate, 
and caustic®® can be dissolved in the water added, to 
improve extrusion characteristics. In preparing a 
catalyst or adsorbent, the same method often can be 







Petroleum Refiner—Vol. 25, No. 2 























used to insure thorough distribution of certain com- 
ponents. For example, by using a concentrated solu- 
tion of ferric nitrate, and heating the extruded rods 
to 1200° F., ferric oxide will be uniformly deposited 
in a catalytically active form, and will increase the 


was pulverized by agitation in a’pan with steel balls. 
This test was considered more appropriate than pill 
strength because the finished adsorbent is ground to 
approximately 30/60 mesh before use, rather than 
being used in the form of extruded rods. 
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Effect of varying amounts of Florigel on the properties of an extruded 200-mesh magnesium silicate 


pill strength of the mixture appreciably. Ammoniacal 
solutions of copper salts have also been used where 
the evaporation of ammonia would leave an insoluble, 
well dispersed deposit. 

To test the effects of moisture on the finished prod- 
uct, extruded rods of Florigel and bauxite were 
calcined at 1200° F., then allowed to pick up moisture 
from the atmosphere. They were tested periodically 
for pill strength, with results as shown in Figure 5. 
The decrease in strength may have been due to a 
difference in the “moisture expansion”® of the base 
and binder. When immersed‘in water, the rods re- 
tained their shape and showed no indication of dis- 
integrating. The original strength was restored by 
reheating at 1200° F. 


Decolorizing Properties 


The des‘rability of Florigel as a binder is depend- 
cnt in many instances on whether it will enhance or 
detract from the adsorptive or catalytic properties of 
the finished mixture. Since it is basically fullers earth 
and naturally valuable for decolorizing oil, it was 
tested as a bonding agent for a synthetic magnesium 
silicate which is an excellent decolorizing agent but 
is commercially available only in a powdered form. 
The results are shown in Figure 6. At approximately 
35 percent Florigel, the composition attained maxi- 
mum decolorizing capacity (based on volume of oil 
filtered to a given color through a unit volume of 
adsorbent) and was of a hardness suitable for com- 
mercial use. Decolorizing capacity was measured by 
the method of FitzSimons, et al’ and hardness was 
determined by a standardized procedure involving 
the measurement of how much 40/50 mesh material 
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Summary 

The characteristics which make Florigel suitable 
as a binder are as follows: 

1. When mixed with water and catalytic or adsorp- 
tive materials, it forms a plastic mass which may be 
readily mixed, pugged and extruded, pressed or 
pelleted. 

2. It gives increased mechanical strength to a wide 
variety of soft non-plastic materials. 

3. It is irreversible with respect to water; that is, 
it does not “mud-up” or break down after heating at 
700° F. or higher and therefore preserves its binding 
action in contact with water or steam. 

4. It is a porous, insoluble mineral and therefore 
does not “blind-off” or detract from the surface area 
of the material being bound. 

5. It is an adsorbent and a catalyst in its own right 
and active in decolorization, polymerization, desul- 
phurization, and dehydration reactions. 

6. It is stable at high temperature. 
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FUNDAMENTALS OF 
Consistency and Viscosity 





J. J. BIKERMAN 


X. Thixotropy 


Py FIGURE 23 a curve for the frictional force as a 
function of the rate of shear is given for a thixotropic 
system. It is similar to those for non-Newtonian 
liquids. The essential feature of thixotropic systems 
is that their rheological behavior depends on the 
mechanical pretreatment of the systems. Before this 
property is dealt with in more detail a model of 
thixotropic fluids will be given which although per- 
haps no: faultless will help remembering the main 
peculiarities of thixotropy. 

Thixotropy is generally associated with a large 
sedimentation volume. At a first glance that may be 
considered an indication of the smallness of attrac- 
tive forces between the particles in thixotropic sys- 
tems. However all the independent evidence points 
out to an opposite conclusion. When particles sedi- 
ment they cross each other’s path long before they 
lay flat in the lowest possible position, see Figure 25. 
If there are strong attractive forces between the par- 
ticles or if the friction between two particles is large, 
they cease to slide down in a position far from the 
horizontal. In this way an open texture is produced 
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FIGURE 26 


PART 3 


| te third and final installment treats with the effects 

| of temperature on consistency, and also discusses mis- 
cellaneous tests. The previous two installments of this 

| article appeared, the first on page 119 of December, 

| 1945, Petroleum Refiner, and the second on page 111 
in the January, 1946, number. 





and the volume of the sediment is large. If on the 
contrary the particles repel each other or if the fric- 
tion between them is small, they are free to glide 
down in gravitational field and eventually reach the 
lowest possible position; that results in a small sedi- 
mentation volume. 

The friction between solid particles can be reduced 
by means of a lubricant. We should expect therefore 
that lubricants should transform a thixotropic system 
into one showing dilatancy or at least would sup- 
press thixotropic transformations. An example of 
this effect is mentioned by Sameshima, Akamatu and 
Izemurz.*! They prepared a thixotropic suspension 
of glass powder in toluene; it had a large sedimenta- 
tion volume. When 1 percent of oleic acid was dis- 
solved in the toluene the sedimentation volume was 
reduced and the thixotropy disappeared. In other 
cases on the contrary slippery substances seem to 
raise the friction. An aqueous suspension of clean 
quartz which shows dilatancy in pure water can be 
made thixotropic by adding to it lecithine or plastic 
clay (Freundlich**). 

If the friction between the particles which is too 
strong for their weight and prevents a complete set- 
tling down of the grains is overcome by centrifugal 
force, the sedimentation volume is reduced. Centri- 
fuging of a suspension of corn starch grains in wate 
lowers the sedimentation volume only from 2.7 to 
2.6 (arbitrary units), but the sedimentation volume 
of starch grains in carbon tetrahcloride is lowered by 
centrifuging from 7.7 to 2.6 (in the same units) 
(Williamson and Heckert**). 

If Figure 25 really represents the structure of a 
thixotropic gel its properties are easy to comprehend. 
As long as the network of needles is unbroken the gel 
strongly resists any deformation, especially a rapid 
one, as every change of position of one needle entails 
shifting or bending of several other needles. That 
would be the cause of a yield value. When the stress 
applied is so great that the network is broken down, 
every needle is free to move for itself and contributes 
to the flow resistance only by its volume and by the 
local turbulence created by its movement. That 
would account for the non-Newtonian viscosity of 
thixotropic liquids after their rigidity has been de- 
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stroyed by “working.” When the stress is removed 
and the disturbance dies down the needles sediment 
again, form a network, and the system regains its 
original rigidity. That would be the mechanism of 
the thixotropic setting. 

Figure 26 represents some experiments by H. 
Freundlich, H. Neukircher and H. Zocher* on a sys- 
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oil. The lowering of the ratio P/V on increasing V is 
very striking. The process of recovery has not been | 
investigated but visual observation demonstrated 
that the greases resumed their “worked consistency” 
immediately upon issuing from the capillary. It is 
possible that soap particles in the grease behave like 
the needles in vanadium pentoxide sols. 

Figure 28 refers to a petroleum jelly which 
has not been investigated well from colloid- 
chemical point of view so that the shape and 
other properties of its “disperse phase” can- 
not be specified with certainty. It has been 
tested in a rotational viscometer in which the 
velocity of one of two coaxial cylinders is 
determined when a given torque is applied to 
the cylinder and the other cylinder is stationary. 
The velocity of rotation attained is plotted along 
the abscissa and the torque (load) required for 
it along the ordinate. The first three readings 
(marked 1-3) have been made at the highest load 
and gave identical velocities of rotation; here 
the disturbance was so extensive that no ap- 
preciable structure formation occurred be- 
tween two subsequent tests. The same is true 
of tests Nos. 4 to 6 carried out at a somewhat 





lower torque, and also of those of Nos. 7 to 9. 


APPARENT RATE OF SHEAR (SEC’) However when the load was reduced further 
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tem which possessed the above structure if any ever 
had. That was a 0.36 percent colloidal solution of 
vanadium pentoxide which forms long crystal 
needles; their shape, size and properties have been 
investigated thoroughly by Freundlich, Zocher and 
their associates. The experiments have been con- 
ducted in a rotational viscometer (Couette type) and 
the abscissa represents the frequency of rotation. 
Along the ordinate the torque on the inner cylinder, 
i.e., also the frictional force, is plotted. Curve-1 refers 
to values obtained at a stepwise increase of rate of 
shear and curve 2 at a subsequent stepwise decrease. 
Curve 1 is of the “anomalous” type shown in Figure 
14, proving that even very dilute vanadium pentoxide 
solutions have an “anomalous” viscosity, and curve 
2 lies a little below curve 1, showing that the dis- 
turbance produced by rapid rotation resulted in a 
decrease of the resistance to flow. 

From the numerous experiments of this type which 
can be found in literature only three more examples 
can be mentioned. 

Figure 27 has been obtained (by Arveson**) with a 
special capillary viscometer in which lubricating 
grease was pressed through the capillary at a con- 
stant speed V, and the pressure P required to attain 
this speed was determined manometrically. For a 
given capillary and Newtonian liquids the speed 
(rate of discharge) is proportional to the velocity 
gradient, the pressure to the stress applied, and the 
ratio of stress to velocity is the viscosity of the sys- 
tem. If the equation of Poiseuille is applied to flow of 
greases an analogous calculation gives their apparent 
viscosity; that is the magnitude plotted along the 
ordinate; the abscissa shows the apparent rate of 
shear. The shape of the curves remains unchanged if 
for “apparent viscosity” the experimental value of 
P/V and for “apparent rate of shear” the experi- 
mental value of V are substituted. The systems 
tested were various “worked” cup greases (calcium 


soaps of mixed fatty acids in mineral oil) and a pulp 
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on, disturbances produced by every new test 

was not sufficient to counteract the build- 

ing-up of a structure, and the velocity at- 

tained in every subsequent test (Nos. 10 to 
12 and 13 to 16) decreased in time although the load 
did not vary. To the time of experiment 16 the 
structure was restored already so far that the load 
applied was insufficient to cause any rotation (A. de 
Waele**). 

A much more extensive investigation on similar 
lines has been published by R, Weltmann.* -The sys- 
tem used was'‘a printing ink, and the apparatus be- 
longed to the Couette type. The experimental pro- 
cedure was as follows. The moving cylinder is rotated 
at top speed for t, second, the corresponding torque 
M, on the suspended cylinder determined, the speed 
then reduced in steps and the torque obtained at 
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FIGURE 28 


every step observed. After the speed has in this man- 
ner reached the lowest value it is rapidly raised to 
the top value again. The torque found now is a little 
larger than the torque M, as some structure forma- 
tion took place at slow rotation, but its magnitude 
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This moment is taken for the zero time of a new 
period t, within which the top speed is maintained 
and the torque diminishes from M, to M,. Then a 
new set of torque determinations is carried out at 
stepwise diminishing speeds, the speed suddenly 
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FIGURE 29 


raised, etc. In this way a batch of torque-speed 
curves is obtained and for every curve the cumula- 
tive time of stirring at top speed is greater than for 
the previous one, Figure 29 shows schematically the 
gradual decrease of the torque, i.e., of the frictional 
force, when the stirring time increased. 

Duration of stirring influences also the rapidity of 
the subsequent settling. W. Heller and Roeder* 
shook on a machine a vanadium pentoxide sol for 
various periods, let it settle for a constant length of 
time, shook it again for a short and constant time, 
and finally observed the time of setting. This time 
increases from 9 to 25 minutes when the duration of 
shaking rose from a few minutes to 11 hours. 

On the other hand the longer is the time allowed 
to the system to set, the more rigid it is likely to be. 
The line marked “quartz in CCl,” in Figure 23 is 
valid only for a definite duration of rest; if the fore- 
going rest was shorter the line would be found a 
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FIGURE 30 


little to the left, and if the rest was longer, a little 
to the right of the line drawn in Figure 23. Figure 
30 illustrates this effect; curve 2 refers to a time of 
rest longer than that for curve 1, and the period of 
rest is even longer for curve 3. If the yield value, i.e. 
the value of stress obtained by extrapolation of the 
linear portions of the curves 1, 2 and 3 is plotted 
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decreases and soon reaches the value of M, again. 








TABLE 1 
Growth of the Yield Value of a Pennsylvanian Oil 











Duration of aging (days) 1 3 4 30 
Yield value (cm.Hg) 19 22 23 30 











against time, a curve like that in Figure 31 may re- 
sult (Freundlich and Roeder*’). Table 1, taken from 
Jordachescu,"* gives a numerical example for the 
gradual growth of yield values. A Pennsylvanian 
oil V, was cooled to 0° C. and examined at this tem- 
perature 1, 3, 4 and 30 days after the temperature 
equilibrium had beer reached. In R. Weltmann’s 
experiments the yield value appeared to be nearly 
independent of the prehistory of the sample. 

When the time of setting (gelation, solidification) 
of a thixotropic system becomes too long or infinite 
we may speak of an irreversible destruction of the 
structure. Taking again the convenient example of 
needles (Figure 25), if the stirring is so intense or 
the needles so brittle that they are reduced to powder 
by “working,” then it is easy to visualize that “work- 
ing’ will lower the over-all viscosity of their sus- 
pensions in an irreversible manner. Something of this 
kind probably takes place when some lubricating 
greases are “worked.” 

Many of these greases are emulsions, and many 
are rather coarse suspensions of fibres. All emulsions 
have a very extensive interface between the droplets 
and the continuous medium in which they are float- 
ing. Along every interface an interfacial tension (a 
counterpart of surface tension) is operating which 
tends to reduce the area of the interface, i.e. to collect 
all the minute droplets into one single mass of liquid 
(see also Section VIII). In many cases stirring or at 
least some kinds of stirring weaken the resistance 
offered by the system to this tendency, and the emul- 
sion breaks down. Once broken, emulsions as a rule 
do not recover; if the act of testing its viscosity has 
destroyed the structure of an emulsion this structure 
does not reappear spontaneously if the system is al- 
lowed to rest. A similar irreversible effect would be 
produced by tearing soap fibres visible in some soda- 
soap greases. 

Figure 32 illustrates the breakdown of the struc- 
ture of lubricating greases on a continuous mechani- 
cal disturbance. The apparatus used (by Brunstrum, 
Adams and Ziegler*®) was too complicated for a cal- 
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culation of the operating stresses and the rates of 
shear ; it was essentially a ball bearing; the journal 
was rotated at a constant speed (two revolutions per 
minute) and the torque transmitted onto the bearing 
determined every 10 seconds by means of a mercury 
manometer. Three (unspecified) greases have been 
tested at —40° C. The ordinate represents the torque 
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and the abscissa, the time elapsed after the start of 
the rotation. The rapid fall of torque in the course 
of the first few seconds is attributed to squeezing 
out of excess grease from between the bearing balls 
and therefore would have no rheological significance ; 
the slow decrease observed on further rotation was 
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FIGURE 32 


then a consequence of the breakdown of the grease 
structure. 


XI. Consistency and Temperature 


The viscosity of a Newtonian liquid is a definite 
function of temperature. The importance of the tem- 
perature coefficient of viscosity of lubricating oils 
(i.e. of their temperature index) is well known and 
does not need to be stressed here again. The effects 
of temperature on consistency or more exactly on 
the flow resistance of non-Newtonian, thixotropic, 
and similar systems are less unambiguous. But be- 
fore these effects are discussed it may be advisable 
to write a few words about the influence of tempera- 
ture on phenomena associated with time of relaxa- 
tion and distribution of stress, see Section IV. In 
that section it has been pointed out that a system 
having a perfectly normal viscosity can behave either 
as a brittle solid or as an elastic solid or as a true 
liquid according to the magnitude of stress and the 
velocity of its application. Since the “normal” vis- 
cosity usually decreases when temperature rises, the 
system will behave as a true liquid within a range 
of stresses and velocities which will be the larger 
the higher the temperature. A rosin solution in an 
organic solvent will break on impact of a steel ball 
at 10° C. and yield to it at 20° C., but it would be 
wrong to conclude that the “melting point” of the 
solution must t*en have been between 10° C. and 
20° C., since a less rapid impact would find the solu- 
tion “liquid” even at 10° C. and a more impetuous 
will shatter it even at 20° C. 


If the system has an “anomalous” viscosity, tem- 
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perature may affect it in various ways. Consider first 
substances discussed in Section VI, the properties of 
which do not change in time and are independent of 
disturbances produced by the act of testing. Their 
frictional force varies with velocity gradient so 
steeply that they appear rigid at low rates of shear; 
some may have a true yield value below which no 
flow occurs however protracted is the action of stress. 
When the temperature is raised the frictional force, 
generally speaking, is lowered at all rates of shear 
but the degree of this lowering depends on the rate 
of shear. 

At high rates of shear the frictional force within 
a suspension or a colloidal solution often depends on 
temperature in the same way as does the viscosity 
of the solvent. An example of this kind has been 
given already by Bingham™: the ratio of frictional 
forces in a 50 percent clay suspension in water at 25° 
C. and 40° C, was 1.54 while the ratio of viscosities of 
water at these temperatures is 1.49. Among more 
modern instances the “anomalous” viscosity of lu- 
bricating greases can be cited. According to Arve- 
son®™ the apparent viscosity of greases at a rapid 
movement has a temperature coefficient nearly equal 
to that of the parent mineral oil, and Brunstrum, 
Adams and Ziegler*® report similar observations at 
lower temperatures. 

However at low rates of shear the behavior is 
different. In a temperature interval sufficient to re- 
duce the viscosity of the. parent oil to 1/132 of its 
value at the lower temperature the frictional force 
in a slowly moving grease is lowered only to 1/6 of 
its largest value (Arveson™). it looks as if the fric- 
tional force at low velocities when presumably the 
system possesses a definite structure is due partly 
to a factor less variable with temperature than is 
the viscosity of Newtonian liquids. Elasticity of bent 
needles or friction between needles would be exam- 
ples complying with that condition. 

On the other hand many examples are known in 
which a rise of temperature reduces the apparent 
viscosity of non-Newtonian liquids at low velocity 
gradients more than at high ones; in this manner 
the steep increase of frictional force with rate of 

du 
shear —— 

dx 
the less noticeable the higher is the temperature: in 
other words a temperature increase makes an “ano- 
malous” liquid more “normal.” Solutions of gelatin 
and of agar have already been mentioned in Section 
VIII as instances of this temperature effect. It is 
quite distinct in Pennsylvanian oil V,. Table 2 shows, 
after Jordachescu,™ the yield value of this oil tested 
in a capillary viscometer; it is expressed in mm.Hg 
and the temperatures are in degrees Centigrade. : 

Solutions of agar and especially those of gelatin not 
only possess an “anomalous” viscosity but they also 
age, and so do also typical thixotropic systems. The 
flow resistance of such a system is a function not 
only of the temperature of test but of all the tem- 
peratures assumed by the sample during its pre- 
vious history. It is clear that reproducible values of 
this flow resistance are not easily obtained. 

Examples of the effects produced by the thermal 


observed at small values of <" becomes 


TABLE 2 
Yield Valve of Pennsylvanian Oil V, 
Temp. of the expt. +3° +1° of —1° —2.5° —7°® 
Yield value (cm.Hg) 0 10 30 34 42 162 
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history of a petroleum product on its deformability 
have been met with for a number of years; short re- 
views of this phe: omenon have been given, for in- 
stance, by P. Woog’ and by H. Weiss and M, Louis 
in The Science of Petroleum. A little later an ex- 
tensive paper on the subject has been published by 
M. Jordachescu.™ 

Figure 33 reproduces one of Jordachescu’s experi- 
ments. Pennsylvanian oil V, was used. The appar- 
ent viscosity calculated from the rate of discharge 
of the oil through a capillary tube is plotted along 
the ordinate and the number of days which the sam- 
ple spent at 0° C. before test is plotted along the ab- 
scissa. Curve 1 shows the aging of a sample which 
has been kept at —80° C. for 30 minutes, brought to 
0°. C., kept at this temperature for a number of days 
and tested also at 0° C. Curve 2 refers to an iden- 
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tical sample which had been first kept at 20° C., then 
cooled down to 0° C., kept at 0° C. for the number of 
days shown on the abscissa and tested at 0° C. It is 
seen that the apparent viscosity of a previously 
cooled sample gradually decreased, and that of the 
sample previously warm gradually rose at a con- 
stant temperature; after about three weeks a com- 
mon constant value was reached. Sometimes, it is 
true, the constant “equilibrium values” remained 
different after different heat treatments. 

Even more than the overall viscosity shown on 
Figures 33 the yield value and the rate of aging 
depend on the heat treatment of the oil. The oil was 
cooled to —80° C., or first heated to +-80° C, and then 
cooled to —80° C., or first cooled to —80° C. and then 
kept for a time at 20° C.; in all cases it was finally 
brought to 0° C. and tested at this temperature, and 
the curves “viscosity against time” were different in 


every case. 
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Into the chapter on consistency and temperature 
belong also nearly all the methods of determining 
the so-called softening and melting points of pe- 
troleum products; the A.S.T.M. test (D 87-37) for 
melting point of paraffin wax is an exception, but 
paraffin wax is a crystalline solid. 

The usual methods (A.S.T.M. tests E 28-42T, D 
36-26, D 61-38, and D 127-30) all consist in heating 
the material to a temperature at which its mobility 
in the gravitational field reaches a more or less 
definite value, For instance, in the instrument de- 
scribed in D 36-26 the “softening point” actually is 
the’ temperature at which a Newtonian liquid 
would have a viscosity of about 1.2x10* g.cm.* sec.* 
(van Niewenburg*). Saal and Koens™ calculate 7600 
to 8100 g.cm.? sec.* for the viscosity corresponding 
to the temperature of the standard ring-and-ball in- 
strument. 

In two of the A.S.T.M. tests the rate of fall of a 
sphere.in a tube is determined (the ringeand-ball 
tests E 28-42T and D 36-26), or at, least a closely 
related magnitude. This method has already been 
mentioned in Section II and it was pointed out that, 
although in theory perfectly sound, it is often so in- 
convenient that a rolling ball has been substituted 
for a falling one. That applied to normal liquids. 
When the liquid is anomalous the method requires 
even more precautions: the velocity gradient under 
the ball is hardly susceptible to calculation; the 
yield value depends on the absolute and the relative 
dimensions of ball and ring; every asymmetry of 
the position of the ball will cause its rotation, ete. 
As all these factors vary with temperature, a con- 
stant temperature would be indicated for using the 
method. When it is employed at a rapidly changing 
temperature the physical meaning’ of the experiment 
becomes somewhat obscure, 


Even at a constant temperature it may well hap- 
pen that a material A would yield to a ball more 
rapidly than would a material B, if the ring is very 
narrow, whereas if it is wider, material B will offer 
less resistance than material A. H. Freundlich* 
mentions a thixotropic material which in an elon- 
gated trough shows this peculiar behavior. When 
the trough is turned around its long axis the ma- 
terial remains “solid” but it flows if the trough is 
turned around its short axis. The explanation is 
that the degree of disturbance is the large the longer 
is the arm of the rotating couple, i.e. it is larger 
when directed along the longest axis of the trough. 

When temperature varies the actual temperature 
of the sample will be a little different from that of 
the bath and does not need to be strictly constant 
within the whole space between ball and ring. The 
temperature read on a thermometer at which the 
sample collapses will depend therefore not only on 
the viscosity-temperature function of the sample but 
also on its heat capacity, heat conductivity, etc. If 
all these properties are very similar for the two sam- 
ples to be compared the ring-and-ball method gives 
an indication of the temperature at which a ma- 
terial shows a definite resistance to flow, but prudence 
is required when comparing less similiar samples. 

In the ring-and-ball method the force driving the 
material downward is the weight of a standard ball 
which is independent of temperature and of the na- 
ture of the sample. These modest advantages are 
sacrificed in the tests D 61-38. and D 127-30. In 
these tests the flow takes place under the action of 
the weight of the samples and the possible differ- 
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ences between the densities of various samples are 
accentuated by immersing the samples into water. 
The driving force is proportional to the difference 
“density of sample minus density of water.” If, for 
instance, two samples are compared the densities of 
which are 1.20 and 1.25, the difference in the driving 
forces in air will be 0.05 for 1.25, i.e. 4 percent, but 
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in water the difference is 0.05 for 0.25, i.e. 20 per- 
cent, The fall of a semi-fluid sample will be resisted 
also by the interfacial tension at the boundary sam- 
ple-water so that the “melting point” would depend 
a little also on the capillary properties of the sample. 

These remarks should not be construed as a criti- 
cism of A.S.T.M. standard tests. It is not difficult 
to devise a set of observations which would allow a 
better determination of a “softening joint” but un- 
fortunately they would require much more time and 
work than the simplified A.S.T.M. 

One way of defining and measuring the “melting 
point” of petroleum products has been suggested by 
Jordachescu.** In Table 2 above the yield value of 
an oil was given at various temperatures, As the 
“theoretical” liquid should have no yield value at all, 
the sample will be proclaimed liquid at the tempera- 
ture at which the yield value is equal to nothing; in 
the example above this temperature would be +3° C. 
Of course, the oil behaved like a liquid, i.e. could 
flow at small pressure differences, at considerably 
lower temperatures. A determination of “melting 
point” in this manner would necessitate determin- 
ing the rate of flow of the sample at, say, 4 or 5 
rates of shear at, say, 5 or 6 temperatures. It is im- 
possible then to blame the control chemist for using 
the “cube-in-water” or a similar method whatever 
fundamental objections can be raised against it. 

A substantially identical principle has been used 
also, for instance, by D. S. Velikovski.®® He wanted 
to determine the lowest temperature at which the 
given lubricating grease still could be used for lubri- 
cating journal bearings. He filled the space between 
the shaft and the bearing with the grease, cooled 
the whole, and determined the temperatures at 
which the shaft just could not be rotated in an 
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immovable bearing by the selected load. Shaft and 
bearing form, of course, a rotational viscometer 
similar to that of Couette and the procedure adopted 
by Velikovski consisted actually in determining the 
relation between the yield value and temperature. 
He found for one grease the yield values to be 17, 
20 and 25 (arbitrary units) at 9° C., 6° C. and 1° C., 
and for another to be again 17, 20 and 25 at —42° C., 
—50° C., —60° C, It is seen that the dependence on 
temperature in these experiments was less pro- 
nounced than in those by Jordachescu. 

One more proposal may be mentioned here as it 
leads to penetrometer methods which will be briefly 
touched upon in the following section. 

H. Metzger®® determined the depth | of penetra- 
tion of a metal needle, 0.5 mm. in diameter, under 
the load of 450 g. within 60 seconds into a bitumi- 
nous asphalt. The relation between the penetration 
1 in mm. and the temperature of the asphalt is 
shown in Figure 34. Metzger defines the “softing 
point” as the temperature at which the depth | is 
0.1 mm.; for the sample of Figure 36 that would be 
—8° C. The whole curve reproduced in Figure 34 
would be more informative and the degree of abri- 
trariness would be further reduced if analogous 
curves were determined for different rates of shear 
(i.e. for different loads on the needle, or for differ- 
ent needles, or for both). Metzger deduced also a 
simple relation between the “softening point” de- 
fined by him as above and the temperatures found 
by means of a ring-and-ball method and a drop 
point method like the A.S.T.M. test D 127-30. 


XII. Miscellaneous Tests 


Penetrometer tests are used widely both within 
and outside petroleum industry, Their popularity is 
due to the speed of their work, and this speed is due 
to the high stress easily realizable under the point 
of a needle or a cone. In the A.S.T.M. test D 5-25, for 
instance, the load of 100 g. and the time of 5 seconds 
are specified. The depth of penetration into a bitu- 
men often corresponds to that which would be ob- 
served in a Newtonian liquid having a viscosity of 
10,000 to 100,000 g.cm.* sec.*. The driving of a 
liquid. having viscosity of 100,000 g.cm™ sec.? 
through a capillary 0.1 cm. wide and 1 cm. long 
within 5 seconds would require a pressure difference 
of 6.4x10" dynes per square centimeter or 900 pounds 
per square inch; that obviously would imply using 
a much more elaborate apparatus. 

Otherwise a penetrometer would not ‘be consid- 
ered a happy choice, Absolute viscosity determina- 
tions are much simpler if instead of a needle or a 
cone descending into a large mass of paste or jelly 
the descent of one of two coaxial cylinders or a simi- 
lar process is observed, see Section II. Some at- 
tempts have been published to correlate pene- 
trometer data with absolute viscosities. Saal and 
Koens** deduced the following equation for the 
standard depth of penetration | assuming that the 
sample possesses a substantially normal viscosity 7: 
5.31 & 10° 
So (12) 


” 

Roughly the depth of penetration would be in- 
versely proportional to square root of viscosity. If no 
standard time is adhered to, the depth | of penetra- 
tion increases with time t; according to Pendleton*’ 

]= kt’, (13) 
k and c being constants depending on the apparatus. 
For substances having a nearly Newtonian viscosity 
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penetrometer data can be correlated with those ob- 
tained by means of a rotational viscometer or a fall- 
ing cylinder; but the correlation is much more diffi- 
cult for non-Newtonian and aging systems. 


An interesting kind of test is used to determine 
the “working viscosity” of an oil or its capacity to 
“stay put.” In particular it is alleged that the main 
requirement of oil or grease in a ball-bearing race 
is to remain there; the actual lubricating efficiency 
of the oil is less important. It was also suggested 
that the notorious “oiliness” of lubricants was a func- 
tion of their “adhesiveness” which in its turn is 
just the capacity of “staying put.” 

The “adhesiveness” of grease is determined in 
Russia in the following way (G. E. Levant**). A 
blob of grease, 1.2 to 1.5 g. in weight, is placed on 
a glass plate so that it forms a more or less circular 
mass 1.2 cm. in diameter. The plate is then placed 
in a vertical position and kept for 24 hours at the 
specified temperature. On visual inspection the blob 
must remain unchanged. 

Often a solid plate is immersed into the oil, with- 
drawn at a specified speed, and the mass of the 
oil remaining on the plate weighed from time to 
time. The note by Clark, Parks and Culmer®® is 
probably the most recent publication on these lines. 
In the draining test of the A.S.T.M. D 115-41 instead 
of the average thickness of the oil film its thickness 
at 3 specified levels is measured and the vertical 
gradient of this thickness is taken for a measure of 
“working viscosity.” In these tests the force causing 
the draining is the gravitation. If the gravitation 
does not work rapidly enough centrifugal force can 
be substituted for it: the oil is spread on a rapidly 
rotating disc and the film remaining after so many 
revolutions is found in any convenient manner. 


The opinion has repeatedly been expresssed that 
the draining test supplies information which cannot 
be obtained by more orthodox viscosity measure- 
ments. A. Boutaric and R. Amiot® published 
experimental evidence against this opinion. They 
measured the rate of drainage of various lubricat- 
ing oils from vertical metal plates and found that 
this rate was a definite function of the viscosity of 
the oil. After a prolonged draining an oil film re- 
mained the weight of which then stayed approxi- 
mately constant; this weight was for oils of equal 
viscosities a little greater for vegetable than for 
mineral oils. When the draining was accelerated by 
centrifuging quite analogous results were obtained. 
The rate of throwing off the oil depended uniquely 
on its viscosity and was independent of its proveni- 
ence or its acidity. The acidity did however influ- 
ence the residual thickness of the film. For iron and 
copper plates the residual thickness was larger for 
acid than for neutral oils; for aluminum and stain- 
less steel there was no difference. It appears there- 
fore that the dependence of the residual weight on 
the nature of oil and metal is accounted for by the 
chemical reaction between metal and oil. It may be 
said that viscosity determines both the rate of drain- 
ing and the thickness of the residual film whatever 
the chemical nature of the substances concerned; 
but when the chemical nature is such that a chem- 
ical reaction takes place, then the products of the 
reaction affect the viscosity and consequently the 
results of the draining. When an acid oil drains from 
a copper plate the moving liquid is first the un- 
changed oil and the viscosity of the unchanged oil 
determines the rate of drainage; later the film con- 
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tains some dissolved copper soap and its rate of 
drainage corresponds to the (higher) viscosity of 
this solution. 

If the -ate of draining is a purely hydrodynamic 
phenomenon, it must be influenced also by the 
roughness or smoothness of the plate from which 
the oil flows down. Apparently no systematic in- 
vestigation of this problem has ever been published. 


Consistency of the material plays a part also in 
ductility tests (for instance, the A.S.T.M. test D 
113-39) in which a piece of bitumen or a similar 
substance is slowly drawn out into a thread, and the 
length of the specimen in the moment of rupture is 
measured. Perhaps it would be more correct to sav 
that ductility tests measure the same consistency 2° 
do penetrometers, viscometers, etc., but under dif 
ferent conditions. An understanding of the relation 
between ductility and consistency will be arrived at 
probably on the basis of the general remarks given 
in Section IV. The recent paper by by Traxler, 
Schweyer and Romberg® should be consulted in 
this connection. A detailed discussion of ductility 
cannot be attempted here. 
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New Synthetic Lubricants 





J. C. KRATZER, The Linde Air Products Company 
D. H. GREEN, National Carbon Company, Inc. 
D. B. WILLIAMS, Carbide and Carbon Chemicals Corporation 


‘Lue LB series which, because of its special prop- 
erties, is best adapted for the lubrication of machin- 
ery in general, including internal-combustion engines, 
will be considered first. Physical data for some of the 
sommon viscosity grades of lubricants of the LB 
series are given in Table 1. 

These compounds may be prepared in any desired 
viscosity by controlling the reaction employed in the 
manufacturing process. It is not necessary to blend 
higher- and lower-viscosity oils as is the general 
practice in preparing certain SAE grades from neu- 
tral and bright stock in the oil industry. However, 
blends of the synthetic products can be made if 
desired. The high viscosity indices, characteristic of 
both series of lubricants, is inherent and not depend- 
ent on viscosity-index improvers. 

The low API gravities of these materials coupled 
with his viscosity indices stamp them as being chemi- 
cally different from petroleum oils. These synthetic 
lubricants contain no wax or any additives to depress 
the pour point. The pour point as determined by 
ASTM method D-97-39 is a stable pour and can be 
reproduced after repeated temperature cycles. Flash 
and fire points compare favorably with mineral oils, 
although in the lower viscosity range, below LB-140, 
the flash points are higher than for equivalent vis- 
cosity petroleum oils. Auto-ignition temperatures are 
about 100°F, above petroleum oils of equal viscosity. 
The low carbon residue values exhibited by these 
synthetic lubricants is probably indicative of low 





TABLE 1 
Properties of ‘‘UCON” Brand Lubricants—tLB Series 








 LB-140 LB-300 LB-400 LB-550 LB-650 





Viscosity, Saybolt Seconds at— 
210° F 


45.5 62.7 74.3 91.9 107 

100° F 140 300 400 550 650 

a ‘ 4,960 18,380 27,600 40,800 50,500 
—Oe° F....... 42,100 183,000 


284,000 444,000 540,000 
_ 50°F. -..| 265,000 | 1,370,000 | 2,335,000 | 3,890,000 |... 
vee | at— 

















5.9 11.0 14.1 18.5 22.0 
100° F.... | 29.8 65.0 86.6 119 141 
0° F. 1,080 4,000 6,000 8,900 11,000 
—30° F.. 9,200 40,000 62,000 97,000 118,000 
_ . —O FP. whee 58,000 | 300,000 | 510,000 | 850,000 
V. I. (ASTM D-587-41).. 147 142 14 140 140 
Pour Point (ASTM D-97-39),°F. —50 —40 —35 —30 —25 
Density at 210° F. (g./cc.).... 921 933 936 .939 .940 
Density at 100° F. (g./ec.).... .966 979 .983 985 986 
Specific Gravity at 60° F...... 983 997 1,001 1.003 1,004 
Gravity °API at 60° F... , 12.5 10.5 9.7 9.5 9.4 
Flash Point (ASTM D-92-33),°F. 440 470 485 510 525 
Fire Point (ASTM D-92-33), °F. 510 570 580 580 580 
Carbon Residue (ASTM D- 
i areranae er a ° ° " . 
Ash (ASTM D-482-43-T)...... ° . . ° : 








* Less than .01 percent. 
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| * purpose of this paper is to describe in some detail 
the characteristics of two series of synthetic lubricants 
having certain unusual properties. Until recently these 
compounds were subject to an order of secrecy issued by 
the Commissioner of Patents. Both series of lubricants 
are currently being produced on a commercial scale by 
Carbide and Carbon Chemicals Corporation. One series 
of synthetic lubricants, which is essentially insoluble in 
water, is designated by the symbol “‘LB”’ followed by a 
number representing the viscosity at 100°F. in Saybolt 
Universal Seconds. The other series, the members of 
which are soluble in water at room temperature, is 
designated by the symbol ‘‘50-HB”’ similarly followed by 
a number designating the Saybolt viscosity at 100°F. 

These synthetic lubricants were developed by units of 
Union Carbide and Carbon Corporation. The original 
work was carried out at the Mellon Institute of Industrial 
Research by the Organic Synthesis Fellowship, which is 
sponsored by Carbide and Carbon Chemicals Corporation, 
in the early 30’s. Further development of these products 
has since then been a continuous effort, not only by 
the Organic Synthesis Fellowship, but in the labora- 
tories of Carbide and Carbon Chemicals Corporation 
at South Charleston, West Virginia, and in the labora- 

tories of The Linde Air Products Company at Tonawanda, 
New York, where automotive research work in connec- 
tion with anti-freezes and other automotive products 
has been conducted for many years. Important contribu- 
tions have been made to this development by H. R. Fife 
of the Organic Synthesis Fellowship at Mellon Institute, | 
W. J. Toussaint and Dr. F. H. Roberts at South Charleston. 
Evaluation and development of these materials for | 


engine use was conducted at the Tonawanda Laboratory 
of The Linde Air Products Company. Important contribu- 
tions at that laboratory were made by E. E. Sommer, 
L. J. Clapsadile and Dr. G. H. Wagner. 

These new synthetic lubricants are a development of 
American science and industry. They are not related to 
the synthetic lubricants developed in Germany. Those 
were primarily developed to substitute for natural pe- 
troleum products which were unavailable to the Ger- 
mans during the war period. They exhibit properties 
which are superior to these German products, and they 
differ from them chemically. 

The new synthetic lubricants to be described here are 
synthesized from natural or other hydrocarbon gases as 
raw materials. They contain no petroleum oils. They are 
inherently more expensive to produce than the best 
petroleum lubricants now sold. This factor wili probably 
limit the market for these products except where their 
special properties justify increased cost. Both the LB 
series (water-insoluble) and the 50-HB series (water- 
soluble) of synthetic lubricants are being manufactured 
and sold by Carbide and Carbon Chemicals Corporation 
under the trade-mark ‘‘Ucon” for a wide variety of 
industrial applications. 

This paper was presented before the Society of Auto- 
motive Engineers, Detroit, January 7-11, 1946. si 








& Fee ME 


carbon formation we have observed when they are 
used to lubricate internal-combustion engines. 

The oxidation products of the synthetic lubricants 
are for the most part low-molecular-weight volatile 
compounds while in the normal process of oxidation 
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of mineral oil, non-volatile products are formed which 
eventually convert to oil-insoluble sludges, gum and 
varnish. In the case of the synthetic lubricant, in- 
soluble oxidation products which tend to foul an 
engine are not formed, and this factor is responsible 
for negligible increase in the viscosity of the lubri- 
cant with use. 

Two of the lubricants listed in Table 1 are par- 
ticularly important and have been selected for dis- 
cussion since their viscosity characteristics cover the 
lubricating grades most generally recommended for 
automotive and aircraft use. These are lubricants 
LB-300 and LB-550. “Ucon” lubricant LB-300 has 
been selected for general automotive use since its 
viscosity is equivalent to most SAE 10 oils at 0°F., 
most SAE 20 oils at 130°F. and most SAE 30 oils at 
210°F. “Ucon” lubricant LB-550, which is equivalent 
in viscosity to most SAE 50 oils at 210°F. and is 
lighter than most SAE 30 oils at 0°F., has been 
widely used by the Army Air Forces and the Air 
Transport Command in aircraft engines. 


LB-300 


Lubricant LB-300 is being marketed by the Na- 
tional Carbon Company, Inc., a unit of Union Car- 
bide and Carbon Corporation, in two limited areas 
in the East this winter for use in automobiles, buses, 
trucks and tractors. These selected areas are being 
utilized because present production facilities are 
limited and distribution must of necessity be local- 
ized. National Carbon Company is calling the prod- 











TABLE 2 
| Average Piston 
Ring Gap Increase 

Lubricant In Inches 
Oil B-1 0.0060 
Oil B-2 0.0069 
Oil B-3 0.0065 
O;! B-4 0.0064 
Lubricant LB-300 0.0061 

TABLE 3 


Average Wear Data from Standard 36-Hour Chevrolet Test 
Using Lubricant LB-300 


0.0061 in. 
0.0002 in. 
0.0002 in. 
0.0001 in. 
0.137 grams 


Average Piston-Ring Gap Increase a 
Average Rod Journal Diameter Decrease 
Average Main Journal Diameter Decrease 
Average Wrist Pin Diameter Decrease 

Average Copper-Lead Half-Bearing Weight Loss 








TABLE 4 
36-Hour Chevrolet Oxidation Test on LB-300 l.lubricant 
and Oil B-3 
LB-300 Oil B-3 
Varnish 46.7 47.1 
Engine Cleanliness Rating Sludge 46.1 46.9 
Total 92.8 94.0 
Cu-Pb Bearing Weight Loss in Grams per 4 Bear- 
ing Insert .137 .210 
Oil Percent Viscosity Increase 8.0 25.0 
Free Acid mq./gm 012 
Deterioration Total Acid mq./gm .050 
Percent Ash 240 
Neutralization No. 65 
Conradson Carbon 1.90 




















FIGURE 1 
Caterpillar scratch-test piston 


° 
uct “Prestone” Motor Oil, sharing the trade-mark of 
its well-known anti-freeze. National Carbon Com- 
pany is offering “Prestone” motor oil for sale only 
in these areas until increased production facilities 
become available. 

In considering a product which is chemically, and 
in other respects, quite different from petroleum oils, 
a number of questions arise: Is it a good lubricant? 
Is it resistant to-oxidation? How does wear of the 
engine compare with the best petroleum oils? Does 
an engine consume more oil? Does it corrode the 
bearings and other parts of the engine? Does it per- 
mit engine starting under low-temperature condi- 
tions? Does it form moré or less sludge and varnish 
in an engine than petroleum oils? The Tonawanda 
laboratories are well equipped to provide the an- 
swers to these questions and work along these lines 
has been in progress for several years. In addition toa 
fleet of laboratory-owned test cars, 40 vehicles oper- 
ated by laboratory employes have been continuously 
used for test purposes. Also, over 100 automobiles op- 
erated by private individuals have been on a test basis 
for over a vear. Road experience has been further 
supplemented by tests in three privately-owned truck 
fleets having no connection at all with Union Carbide 
and Carbon Corporation or its subsidiaries. The 
experiences of the Army Ordnance Department and 
the Army Air Forces have added to our knowledge 
of the performance of these products in engines. 

The Tonawanda laboratory has eight engine dyna- 
mometers. Engines available for test purposes include 
two Caterpillar single-cylinder test engines, one 
General Motors 471 diesel, Chevrolet engines, auto- 
mobile engines made by other manufacturers, two 
COT engines, and a number of Lauson single- 
cylinder engines, This laboratory has participated in 
several lubricating-oil-test programs with other co- 
operating laboratories, for example in the work au- 
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thorized by Subdivision B of the Lubricants Division, 
SAE Standards Committee, to develop a method for 
evaluating heavy-duty oils. This laboratory’s test 
results have correlated well with other laboratories 
in the group. 

While lubricant LB-300 and other members of the 
LB series have been subjected to most of the stand- 
ard laboratory tests used for petroleum oils, we feel 
performance in engines on the dynamometer stand 
and in vehicles has the greatest significance. Results 
observed when using LB-300 in engines will first be 
reviewed. 

Wear Characteristics 


Lubricant LB-300 was tested’ in a great many 
engines on the dynamometer stands and operated 
over two million miles in various types of automo- 
biles and trucks before being offered for sale for 
automotive use. Measurements have demonstrated 
that wear of the moving parts is comparable to wear 
with mineral oils. Piston-ring-wear data for LB-300 
obtained from a great many standard 36-hour Chev- 
rolet tests (CRC Designation L-4-545) run over a 
period of years have been averaged ard are presented 
ir Table 2 together with the average ring-wear data 
for the Coordinating Lubricants Research Committee 
Oils B-1, B-2, B-3 and B-4. The wear values for the 
petroleum oils were obtained by averaging the data 





reported by all of the laboratories cooperating on 
this oil-test program. 

It is standard practice at the Tonawanda labora- 
tory to make complete wear measurements on all 
the engines tested. Average wear data for the various 
engine parts are summarized in Table 3. 

Actual wear data from road-test vehicles operated 
under both low- and high-speed conditions for 
periods up to 2% years have shown wear values 
comparable to those obtained with the better grades 
of petroleum oil, This includes vehicles with previous 
petroleum-oil history as well as new vehicles in 
which nothing but the synthetic oil was used in the 
engines. 

The Caterpillar scratch test (CRC Designation 
L-2-545) is recognized as a test useful in judging 
the anti-scuffing qualities of an oil. A piston from a 
single-cylinder Caterpillar engine which has passed 
a scratch test in the Tonawanda laboratory with 
lubricant LB-300 is shown in Figure 1. This test 
has not yet been officially conducted on this lubricant 
by Armour Research Foundation. 


Stability and Bearing Corrosion 


A low oxidation stability would stamp an oil as 
undesirable for use in an internal-combustion engine. 
Typical 36-hour Chevrolet engine test results, which 





FIGURE 2 
Chevrolet 36-hour test 
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are a generally accepted means of evaluating oxida- 
tion resistance of a lubricant and its corrosive effect 
on copper-lead bearings, are given in Table 4. Data 
for heavy duty oil B-3 are presented for comparison. 

The engine cleanliness rating in Table 4 is about 
equal to that of 4 good heavy-duty mineral oil meet- 
ing Specification 2-104(b) such as Committee Oil-B-3. 
Figure 2 shows the appearance of engine parts which 
were photographed after completion of the 36-hour 
test with lubricant LB-300. 

Table 5 gives the average weight loss per half 
copper-lead bearing insert for oils B-1, B-2, B-3 and 
B-4 in comparison with losses when using LB-300. 
The weight losses shown are the average of all the 
results reported by the cooperating laboratories in 
the oil-rating program previously referred to. 


Special Engine Test 


While on repeated tests the synthetic lubricant 
passes the standard 36-hour Chevrolet oxidation and 




















TABLE 5 
Average Cu-Pb 
Half Bearing 
Insert Weight 
Lubricant Less in Grams 
Oil B-1. 0.302 
Oil B-2 1.050 
Oil B-3 0.257 
Oil B-4 ee 0.127 
Lubricant LB-300. 0.137 
TABLE 6 


Engine Cleanliness Ratings*—(Varnish and Sludge) 











Engine Rating | Engine Rating 
O7 00 





MILEAGE - UB- 
2,000 94.6 96.9 
4,000... 84.9 91.8 
6,000. 81.2 93.0 

12,000 ; 75.6 86.1 
18,000 68.1 88.2 
24,000 59.5 71.1 











* 100 percent rating means a perfectly clean engine. 





TABLE 7 
Copper-Lead Bearing Weight Loss in 24,000-Mile Test 


Average Cu-Pb Bearing 
Weight Loss per 44 Bearing Insert 











MILEAGE Oil B-3 LB-300 
6,000 0.852 0.317 
12,000 1,033* 0.641 
18,000 1,262 1.029 
24,000 1,516 1,288 














* Renewed bearings in the Oil B-3 Test. 





TABLE 8 
Lubricant Deterioration 





Percent Increase in 
Viscosity at 100° F. 














MILEAGE* Oil B-3 LB-300 
6,000... Bots 47.5 14.2 
12,000. 281 70 
18,000. + 35.6 11.8 
24,000 + chi rtoqe: athe “ee 97.6 14.0 





*iLubricant was changed at each 6,000-mile period. 
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corrosion test in a highly satisfactory manner, it was 
believed that a new type of lubricant such as this 
should be evaluated under more severe conditions. 
Therefore, LB-300 was run for 24,000 miles (480 
hours) in a Chevrolet engine under the same oil 
and coolant temperatures as the standard 36-hour 
test (280°F. oil and 200°F. water), but the normal 
30-horsepower load was increased to 60 horsepower 
and the engine speed was dropped from the standard 
60 to 50 miles per hour. Other engine conditions 
were kept the same as on the standard 36-hour test, 
except that the lubricant was changed after each 
6000 miles of operation. In order to have some basis 
of comparison under this type of test condition a 
second Chevrolet engine using heavy-duty committee 
oil B-3, was run simultaneously under exactly the 
same conditions. Table 6 shows the cleanliness rat- 
ings for the two lubricants under these test condi- 
tions at various mileages. 

These data demonstrate that the engine remained 
clean for a longer operating period with the synthetic 
lubricant than with the petroleum oils. Since this 
cleanliness characteristic is inherent, this perform- 
ance standard is maintained over a very long period 
of time with LB-300. 


On this 24,000-mile test the corrosion of the copper- 
lead bearings was less with lubricant LB-300 than 
with Committee Oil B-3 as shown in Table 7. 


The viscosity increases for the two lubricants for 
each 6000-mile increment of the 24,000-mile Chevrolet 
test previously referred to are given in Table 8. 

Oil consumption data ou the 24,000-mile Chevrolet 
test averaged 727 miles per quart for Oil B-3, an 
SAE 30 oil, and 696 miles per quart for lubricant 
LB-300. 


Field Tests in Vehicles 


Extensive testing of lubricant LB-300 in vehicles 
under actual road conditions was conducted in a fleet 
of laboratory-owned test cars to evaluate perform- 
ance under field conditions and to obtain information 
with respect to service problems which might be 
encountered during use in engines. A number of new 
cars were purchased in 1942 and serviced with lubri- 
cant LB-300. Some of the engines were dismantled 
and the parts accurately measured prior to servicing 
with this synthetic lubricant, but most of the engines 
were started on test after a simple drain and flush 
procedure. This latter procedure was used so there 
eould be no question of altering clearances while 
taking wear measurements. Conclusions drawn from 
these tests may be summarized as follows: 


(a) Clean engines remained essentially sludge- and 
varnish-free under operating conditions which normally 
promote formation of these .oxidation products. 

(b) Wear of engine parts and bearings was equal to that 
of petroleum oils. 

(c) Oil consumption compared favorably with petroleum 
oils. ; 

(d) LB-300 permitted starting of the engines under low- 
temperature conditions. 

(e) The oil does not adversely affect gaskets and fiber 
timing gears. 

(f) Leakage is not a problem ig a properly gasketed joint. 
However, the lubricant is a solvent for the oxidation prod- 
ucts of petroleum oil and the cleaning .action of the syn- 
thetic lubricant may tend to open up leaks plugged with 
oil oxidation products. While this can also result from the 
use of heavy-duty oils containing detergents, solvent rather 
than detergent action is responsible in the case of the 
synthetic lubricants. . 
(g) In cars operated exclusively on the synthetic lubri- 
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cant, there was less than the normal amount of combustion 
chamber deposit. 


Figures 3 to 10 inclusive present photographs of 
various parts of test vehicles operated exclusively on 
synthetic lubricant for 50,000 to 70,000 miles. The 
cleanliness of the engine parts is apparent in these 
photographs. 


Commercial Fleet Tests 


It was realized that while the performance of syn- 
thetic lubricant may be excellent in new vehicles, its 
special characteristics with respect to conditions in 
old vehicles should be thoroughly investigated. 
Therefore, several commercial fleets were selected in 
which the product was tested. An effort was made to 
provide fleets that represented conditions of (a) low 
mileage, high gasoline dilution, water condensation 
and heavy sludge, (b) medium mileage, intermittent 
and idling type of operation, and (c) heavy-duty, 
medium to high mileage operation under high and 
low ambient temperature conditions. In each of these 
fleets several of the engines were initially inspected 
and at various intervals thereafter to observe the 
sludge conditions, No special precautions were taken 
in changing these fleets over to synthetic oil except 
to change the filter cartridge if the vehicles were so 
equipped, and to change the test lubricant and filter 
cartridge after 500 miles of operation. Each of the 
fleets was run with a different oil-change period and 
one fleet was operated without an oil change for the 
total mileage. In all cases the fleets werg under the 
control of the fleet operator during the entire test. 
Analysis of the used lubricant samples, inspection of 
engines, tabulation of lubricant consumption and 
analysis of the operating record constituted the test 
program. The significant conclusions drawn from 
these tests which are now in their second year are 
summarized below: 


(a) Out of over 100 vehicles serviced none had any loss 
in oil pressure indicating a clogged oil screen. 

(b) Vehicles which were inspected at the start of the 
test and inspected periodically thereafter showed a gradual 
cleaning up of the engine with no formation of new sludge. 
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After a year’s operation disassembled engines were essen- 
tially free ef sludge and varnish. 

(c) In vehicles in which petroleum oil had been changed 
regularly because of lubricant deterioration as a result of 
severe service conditions, analysis of the synthetic lubricant 
indicated the change period could be at least doubled. 
However, in those vehicles where mineral oil was changed 
because of gasoline dilution or some other factor of con- 
tamination the lubricant change period could not be 
extended. To study resistance to deterioration a few test 
vehicles equipped with filters have so far been driven 
30,000 miles without changing the oil. In these cases, the 
engines remained clean and there has been no indication 
of abnormal lubricant deterioration. The oil-filter cart- 
ridges are being changed at recommended intervals. These 
tests are being continued. 

(d) Improved low-temperature cranking and starting 
characteristics were experienced in vehicles operating in 
low-temperature areas. 

(e) In engines where consumption of petroleum oil was 
high primarily as a result of leakage past the pistons into 
the combustion chamber, spark-plug fouling was reduced 
or eliminated when the synthetic oil was substituted. 

(f) The average lubricant consumption compared very 
favorably with the consumption of petroleum oils used 
prior to the change. The vehicles involved in these com- 
mercial fleets were divided about equally between trucks 
and passenger cars. Table 9 gives the lubricant consump- 
tion data for one of these fleets. 


Diesel-Engine Use 
A number of 480-hour Caterpillar single-cylinder- 
engine tests (CRC Designation L-1-545) have been 

















TABLE 9 
| LB-300 Commeaation Previous Oil 

Vehicle LB-. Consumpti 

Vehicle No. | Mileage Mi./Qt. Mi./ Qt. 
1 | 8,700 482 250 
ais 16,000 760 180 
3 4,341 877 670 
4 11,000 440 396 
5 8,700 458 424 
6.. 10,250 512 334 
7... 3,800 3,798° 850 
S:.. 10,072 323 300 
9 10,000 427 1,015 
10 15,500 8 768 
11 10,500 262 192 
12.. 4,100 357 270 
13 6,600 1,100 251 
14 | 35,400 212 396 
15.. ,000 288 388 














* Motor Overhaul. 





FIGURE 3 
Plymouth valve chamber—70,000 miles 
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FIGURE 4 
Plymouth crankshaft—70,000 miles 


FIGURE 5 
Plymouth pan—70,000 miles 
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FIGURE 6 
Plymouth oil screen—70,000 miles 





FIGURE 7 
Buick crankshaft from below—60,000 miles 
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FIGURE 8 


Buick Pan—60 
FIGURE 9 
Ford pan and crankshaft—50,000 miles 
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FIGURE 10 
Ford pistons and rods—50,000 miles 


run with lubricant LB-300. These tests were satis- 
factory except in two respects, (a) there was some 
impacting of carbon behind the top ring although the 
ring remained free in the groove, and (b) some soot 
from the fuel adhered so tightly to the piston skirt 
that light wiping with a clean rag did not completely 
remove it. A typical piston from a 480-hour Cater- 
pillar run is shown in Figure 11. 


Heavy scratching of the metal which usually oc- 








FIGURE 11 
Caterpillar piston test L-1-545, without detergent 
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curs on the piston above the ring-travel area was 
almost completely lacking in these tests. The results 
indicated that some detergency would be desirable in 
order to pass the test, which is a requirement to meet 
Specification 2-104(b), although performance of the 
lubricant on the 480-hour endurance run was other- 
wise quite satisfactory. 

A small amount of detergent added to lubricant 
LB-300 gave improved results on the 480-hour endur- 
ance run, as shown in Figure 12. Additional work on 
synthetic base diesel lubricants is currently being 
conducted, 


Viscosity-Temperature Relationships 


The SAE-viscosity classification of lubricating oils 
classifies in terms of viscosity only, and does not take 
into consideration viscosity-temperature relationship 
of the lubricant. According to the SAE classification 





FIGURE 12 
Caterpillar piston test L-1-545 with detergent 


system, lubricant LB-300 is an SAE-20 oil. However, 
because of its high viscosity index, 142, it is equal in 
viscosity to most SAE-10 petroleum oils at 0°F. and 
to most SAE-30 oils at 210°F. Figure 13 demon- 
strates the product is not adequately described as an 
SAE-20 oil, and this one grade of synthetic lubricant 
covers the range of the normal SAE-10, 20 arid 30 
grades of petroleum oils. 


The low pour point and desirable viscosity-tem- 
perature relationships insure adequate lubrication 
under high- and low-temperature conditions and per- 
mit the use of lubricant LB-300 both summer and 
winter, making seasonal oil changes unnecessary, 
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thereby giving better oil economy when compared 
with the lighter grades of mineral oil used to insure 
low-temperature starting. 


Film Strength 

Laboratory film-strength tests, for example on the 
Falex, Timken and Shell 4-ball machines, have shown 
that lubricants of the LB and 50-HB series have film 
strength intermediate between straight petroleum 
oils and mild extreme-pressure lubricants. The 50-HB 
series has slightly higher film strength than the LB 
series. These products may be compounded with ad- 
ditives to produce lubricants having extreme-pres- 
sure properties. Some extreme-pressure additives 
used in petroleum oils are not suitable for use in the 
synthetics because of low solubility. 


Oil Inspection Tests 


Since the synthetic lubricant is chemically different 
from petroleum oils, many of the chemical tests 
applied to petroleum oils do not have the same sig- 
nificance, For example, the values obtained for naph- 
tha insolubles and chloroform solubles on the used 
lubricant are misleading because of different solu- 
bility characteristics of the synthetic oil and its oxi- 
dation products. Neutralization number as deter- 
mined by the conventional ASTM method has a 
different significance in the case of the synthetic 
lubricant. The standard neutralization-number test 
on the synthetic lubricant is difficult to run without 
saponifying the esters formed, thus obtaining a value 
analogous to the ASTM saponification number. In 
view of the chemical difference between the two 
lubricants, we believe a more accurate method is to 
analyze for free as well as total acid and for this 
determination we use a modified; ASTM method in 
which the results are expressed in milliequivalents 
per gram of oil. 


Measurement of Viscosity 


The measurement of viscosity is, of course, as 
significant with synthetic oil as with petroleum oil, 
as it is a physical property. 

The ash value as determined by the ASTM method 
appears to have the same significance as with petro- 
leum oil since. the amount of non-combustible solids 
in the used lubricant may have a bearing on engine 
wear and performance. In used synthetic lubricant, 
ash has been identified as largely lead from the fuel. 

It is felt that viscosity, ash value, free acid and 
total acid are the chemical and physical tests most 
useful in following the condition of the used lubri- 
cant. 

Solvent Action 


As previously mentioned, lubricant LB-300 has a 
solvent action for many of the oxidation products 
formed from petroleum oils. The lubricant has the 
ability to gradually clean most dirty engines while 
the vehicle is being operated. This cleaning action 
brings up several questions concerning engine per- 
formance, (a) Will the petroleum oil oxidation prod- 
ucts dissolved in the lubricant affect its lubricating 
ability? (b) Will this cleaning action loosen dirt 
which may subsequently be picked up by the oil 
pump? (c) What will happen if mineral oil is added 
to a crankcase containing synthetic lubricant which 
has a large amount of mineral-oil oxidation products 
dissolved in it? 
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Taking up these questions in the same order: 


(a) None of the dynamometer engine tests or field tests 
in vehicles so far conducted have demonstrated any detri- 
mental action due to dissolved oxidation products of 
petroleum oil. 

(b) There is a certain amount of dirt which circulates 
in the lubrication system under the most ideal conditions. 
It is reasonable to. theorize that a larger amount, released 
when the gummy binders are dissolved in the synthetic, 
will be circulated during the period when the engine is 
subjected to the cleaning action of the synthetic lubricant. 
We feel the important point is whether the average particle 
size of this dirt or insoluble matter has increased. Micro- 
scopic examination has revealed that larger particles are 
not circulated as a result of the cleaning action of the 
synthetic lubricant. We have observed that any large 
particles settle to the bottom of the crankcase. If the oil 
pan is removed from a dirty engine and cleaned prior to 
the installation of the synthetic lubricant, much of the 
insoluble dirt released as a result of the cleaning action 
will be found in the bottom of he pan if it is again inspected 
after several thousand miles of operation. The question has 
been raised regarding the possibility of clogging with a 
lubricant having a cleansing action, as in the case of oils 
having detergent characteristics. There is no evidence from 
present laboratory or field test data available that the mild 
solvent action of lubricant LB-300 is loosening deposits 
that might cause or aggravate clogging. On the other hand, 
we have observed that in engines which had been heavily 
sludged previously, cleaning of the hard dense types of 
sludge was slow and not complete even after extensive 
mileages using LB-300. 

(c) If petroleum oil is added to a crankcase containing 
synthetic lubricant which contains a large amount of dis- 
solved sludge and other oxidation products, a certain 
amount of dissolved material may be precipitated. The 
more oil added, the greater the amount of oxidation prod- 
ucts so precipitated. Conversely, again adding synthetic 
lubricant would tend to redissolve the oxidation products. 
The synthetic lubricant and petroleum oil are only partly 
soluble in each other. We do not consider it good practice 
to add mineral! oil to the synthetic except in an emergency, 
although mixtures of the two lubricants can be run in an 
engine free of sludge without difficulty. Tests in vehicles 
for 20,000 miles on a mixture of 2-104(b) petroleum oil 
and synthetic lubricant have been carried out with satis- 
factory results. 


Water Solubility 


The synthetic lubricants of the LB series differ 
from petroleum oils in that they will dissolve and 
hold in solution approximately 3 percent of water by 
weight at room temperature. If water in excess of 
this amount exists in the crankcase, it will appear 
as water globules. On standing the water will form 
a lower layer if the temperature is above 50°F., or 
float on the oil if the temperature is below 50°F. 
This limited water solubility has certain advantages. 
For example, during winter operation often 1 or 2 
percent water is present in the crankcase which re- 
mains undissolved in petroleum oil. This water upon 
freezing may present a serious lubrication problem 
by restricting oil flow. One or 2 percent water will 
dissolve in the synthetic and will not freeze out of 
solution and interfere with oil circulation even at 
temperatures below the pour point of the lubricant. 


Control of Sludge 


An operating problem which has caused consider- 
able concern under normal winter conditions par- 
ticularly in “package” delivery fleets is the control 
of winter sludge which contains water, oil and oil 
decomposition products. While a water emulsion can 
be formed in an engine with the synthetic lubricant, 
the “mayonnaise” type of sludge is not formed, prob- 
ably due to a combination of water tolerance and the 
absence of high-molecular-weight oxidation products 
such as are formed from petroleum oils. 

While there are some advantages due to the water 
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tolerance previously described, it is also true that the 
lubricant film does not provide the same protection 
against humid corrosion of iron and its alloys as 
does used petroleum oil which normally contains 
protective polar compounds formed by oxidation. 
Iron and steel s rfaces exposed to high-temperature 
and high-humidity conditions are protected for nearly 
the same length of time by the synthetic lubricant 
as by straight mineral oil containing no additives. 
However, used mineral oil provides a better pro- 
tective film against humid corrosion than new syn- 
thetic lubricant. The parts of a disassembled engine 
which has been operated on synthetic lubricant will 
rust quicker when exposed to high-temperature and 
high-humidity condition than the parts of a similar 
engine operated on mineral oil for the same length 
of time. Over 2,000,000 miles of operation in vehicles 
of various types under all weather conditions has 
demonstrated no abnormal rusting or wear of the 
cylinder walls and other parts of the engine. When 
disassembled engines operated on mineral oil are to 
be exposed to high-humidity conditions for extended 
periods, they should be treated with a rust-preventive 
oil. This applies also in the case of the synthetic lub- 
ricant. Work is in progress to develop suitable addi- 
tives to incorporate in the product to provide im- 
proved rust-preventive characteristics. 


Use of Filters 

The use of filters when using the synthetic lubri- 
cant is desirable as the ash value can be kept at a 
very low point. Most of the commonly-used oil filters 
have been tested and function satisfactorily with the 
synthetic lubricant. As previously explained, the vis- 
cosity increase of LB-300 in the crankcase is very 
low. This may have something to do with improved 
performance of filters in removing solids which con- 
tribute to high ash values as increased viscosity of 
the oil is not a factor in preventing efficient removal 
of solids by the filter cartridge. 


Lubricant Changes 


Oil-change recommendations for the synthetic 
lubricant cannot be given any more accurately’ than 
in the case of petroleum oils, as the proper oil-change 
period depends upon a number of factors. There is, 
however, one essential difference which must be 
considered. With the synthetic lubricant the oxida- 
tion products are for the most part volatile, which 
means the lubricant remains essentially unchanged 
with use, but with mineral oils non-volatile products 
are formed which eventually become converted to 
oil-insoluble gums, sludges and varnish. Beyond a 
certain period which depends on service conditions, 
these decomposition products build up in petroleum 
oils, necessitating a change of lubricant in order to 
maintain the proper viscosity. Considering only this 
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FIGURE 13 
Viscosity temperature relationships—petroleum oils and synthetics 
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basic factor, no change of the synthetic oil would be 
necessary. However, from a practical standpoint the 
presence of road dirt, metal particles, etc., make oil 
changes necessary, and there is no reason to believe 
that the synthetic lubricant can be used longer when 
these contaminants are present than when using 
petroleum oils. 


Aircraft Engine Use 


Synthetic lubricant LB-550 has been used exten- 
sively in aircraft engines by the Army Air Forces 
and the Air Transport Command. To date, over 
150,000 engine hours have been accumulated on this 
lubricant. Some of the engines operated over 900 
hours before overhaul. While the bulk of the oil was 


guide clearances were adequate. 

(g) Some increased leakage as compared with petroleum 
oils was observed. 

(h) It was established that engines operated on the syn- 
thetic lubricant were much easier to clean up during over- 
haul than engines operated on petroleum oil. Servicing 
aircraft was much easier in cold weather and aircraft could 
be left out-of-doors or uncovered for longer periods during 
loading and unloading. 


Other Uses for LB Series 


In addition to use in internal-combustion engines 
there are many places where the special properties of 
the LB series of synthetic lubricants such as low 
pour point, high viscosity index and non-sludging 
characteristics can be utilized to advantage. In addi- 
tion to their use as hydraulic fluids and plasticizers, 











































TABLE 10 , 
Properties of ‘“‘UCON” Brand Lubricants——50-HB Series 
| | 
| 50-HB-55 50-HB-190 50-HB-260 50-HB-400 50-HB-660 50-HB-2000 50-HB-3520 50-HB-5100 
Viscosity Saybolt Seconds at— 
210° 34.3 54.8 63.5 82.9 123 326 540 744 
100° F 55.0 190 260 400 660 2,000 3,520 5,100 
20° F | 315 2,115 3,035 5,290 9,430 32,650 65,300 92,000 
oF 712 6,110 9,650 16,800 30,800 112,200 212,000 276,000 
20° F 2,100 27,500 =| 39,400 66,000 122,400 550,000 780,000 1,010,000 
40° F 7,880 151,000 229,000 370,000 733,000 2,750,000 3,660,000 inkeas 
Viscosity Centistokes at— 
210° F 2.4 8.7 11.2 16.3 25.7 70.0 116.0 160 
100° F 8.9 41.0 56.2 86.6 143 433 760 1,104 
20° F | 68.6 460 660 1,150 2,050 7,100 14,200 20,000 
OF | 155 1,330 2,100 3,650 6,700 24,400 46,200 60,000 
—20° F , 485 6,000 8,600 14,400 26,700 120,000 170,000 220,000 
~-40° F } 1,720 33,000 50,000 80,000 , 600,000 800,000 | ..... 
V. I. ASTM D-567-41) “? 97 158 153 149 144 133 130 125 
Pour Point, °F. (ASTM D-97-39) —80 —70 —65 —55 —45 —35 —35 —35 
msity (g./cc.) at— : 
210° F : . ; .920 .970 977 985 991 997 9779 991 
100° F i 972 1.016 1.023 1.030 1.037 1,042 1.044 1.053 
60° F wai 993 1,034 1,040 1,047 1.053 1.059 1.059 1.059 
Minimum Flash Point, °F. (ASTM D-92-33)...... 255 435 435 450 450 450 470 470 
Minimum Fire Point, °F. (ASTM D-92-33)..... 280 | 480 500 500 500 500 500 500 











































consumed in Canada and Alaska, a number of air- 
craft were flown on the synthetic lubricant in this 
country during the summer of 1944, The lubricant 
was directly substituted for petroleum oil in these 
engines. As a result of this experience, the following 
conclusions were drawn: 


(a) It was always possible in the equipment tested to 
start engines at ambient air temperatures of — 15°F. 
without gasoline dilution, and starts have been observed 
at — 30°F. without dilution. 

(b) Freedom from sludge and varnish normally formed 
by oxidation of petroleum oil in the engines was clearly 
demonstrated. This was noticeable particularly in the 
piston-ring grooves which were always free from sludge 
deposits. 

(c) The oil-cooler tubes remained relatively free of 
sludge accumulations. Furthermore, under extreme low- 
temperature conditions congealing of oil in the oil coolers 
was not experienced. 

(d) It was possible to successfully feather the propellers 
hydraulically operated by the engine oil at temperatures 
down to — 60°F. 

(e) The sludge formed was essentially lead compounds 
from the fuel. These lead compounds being uncontaminated 
with oil oxidation products proved to be denser than the 
deposits in engines operated on mineral oil, and it is felt 
that such hard accumulations at certain points in the 
engine would be undesirable. 


(f) Past experience of the ATC has indicated some diffi- 
culty with respect to exhaust-valve sticking which resulted 
in engine roughness after 400-500 hours of operation of 
engines. This same difficulty has been encountered with 
conventional type oils but to a lesser degree based upon 
the test data. Valve sticking did not occur when valve 
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utilization as lubricants in many fields is being 
studied. These include powdered metal bearings, 
transmission and differential lubricants, electric mo- 
tors, textile machinery, wire drawing, metal rolling 
and stamping, and many others. Greases exhibiting 
unusual high- and low-temperature properties have 
been prepared from oils of the LB series, so far on 
an experimental basis only. 


50-HB Series 


So far this paper has been confined to discussion 
of the LB (water-insoluble) series of synthetic lubri- 
cants. Physical data for the 50-HB (water-soluble) 
series is given in Table 10, This series is character- 
ized by high viscosity index, low pour point, and in 
other properties is similar to the LB series. It is the 
equal of the LB series in lubricating ability. Com- 
pounds of this series are completely soluble in water 
at room temperatures, the water solubility decreasing 
as the temperature is raised. The 50-HB series will 
depress the freezing point of water to a limited 
extent. Members of the 50-HB series having vis- 
cosities of more than about 100 Saybolt Seconds at 
100°F. have very little swelling action on natural 
rubber and are excellent lubricants for both rubber 
and metal. Certain of these products are being used 
in hydraulic fluids, including brake fluids; as high- 
temperature heat-transfer media, textile lubricants, 
in cutting oils, for wire- and metal-drawing opera- 
tions and other uses. 
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SOUTHERN CALIFORNIA METER ASSOCIATION METER COURSE 





Rotameters 





W. J. BECKETT 
Bushnell Controls & Equipment Company 


A ROTAMETER comprises a tapered glass tube 
fastened in a vertical position in the line of a pipe, 
in which the fluid is flowing, with a specially designed 
float that fits snugly at the bottom of the tube. As 
soon as flow commences, the float rises with the fluid 
toward the top of the tube. As it rises the annular 
passage between the float and the tube increases 
until all the fluid coming through the pipe is allowed 
to pass. When this occurs and the float comes to rest, 
its weight exactly balances the velocity pressure of 
the fluid plus the float’s own bouyancy. (Figure 1). 
Hence, it provides a visible measurement in which 
the actual fluid ‘itself:and its:flow- through the pipe- 
line can be seen and the variation in flow observed 
in relation to a calibrated scale. 

The rotameter was invented in 1868 by the French- 
man, Chameroy—an area meter based on a tapered 
tube. Next was Joslin’s British patent in 1879 de- 
scribing a glass tapered tube with a disc type float 
for gas measurement. Then came Kupper’s German 
patent in 1908 that added the idea of slotting the float 
head to impart the characteristic spinning float action 
which inspired the name “rotameter.” American lead- 
ership in this field became established in the early 
thirties. 

Uses and Applications 


The rotameter is primarily a local indicating in- 
strument with a uniform scale calibrated for any 
unit of measure. (Figure 2.) An electric transmitter 
has been added to operate remote instruments. This 
method is known as the “null balance inductance 
bridge circuit.” (Figure 3.) Combinations available 
are: indicating; recording; recording-integrating ; 
indicating-recording; indicating-recording-integrat- 
ing ; recording-controlling, air output; recording con- 
trolling, electric output; proportioning, electric con- 
trol—alarm signals. 

Rotameters are commonly used for metering gases, 
vapors and liquids—opaque or transparent, two ex- 
ceptions being hot caustic and hydrofluoric acid 
which attacks the glass tube. 


Selection 


Rotameters are fundamentally designed for accu- 
rate measurement of small flows and it is not prac- 
tical or economical to extend too far into the range 
of head type or orifice meters. 

The rotameter has many basic advantages for flow 
measurement, among them the following: 

Accuracy: It has a high reproductible accuracy, and 
will consistently repeat its indication of a given flow. 
It also has high reading accuracy because of its basi- 
cally long scale which in the standard length is 10 
inches and in the extra length is 25 inches. Accuracy 
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as high as 99.0 percent can be obtained in the stand- 
ard length meter and as high as 99.5 percent in the 
extra length extreme-accuracy design. There is no 
friction, no lag, no hysteresis to affect this accuracy, 
and the glass tube. 

Resistance to Corrosion: The glass tube resists the 
action of practically every fluid except hydrofluoric 




















FIGURE 1 
Principle of the rotameter 





FIGURE 2 
Rotameter instrument 


acid and hot caustic. Meter fittings and the float also 
can be made to resist the action of corrosive chemi- 
cals by using special materials. 

Uniform Scale: Calibration on a rotameter scale are 
evenly spaced and wide apart. The lower part of the 
scale can be read as easily as the upper part. 

Constant Low Pressure Drop: Pressure loss through 
the rotameter is low and practically constant at all 
flows. The annular opening between the float and 
the bore of the tapered glass tube enlarges as the 
float rises on increase of flow. 

Easily Cleaned: The necessity of cleaning is readily 
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seen because of the transparent glass tube. Cleaning 
can quickly and easily be accomplished through top 
and bottom clean-out openings without the necessity 
of removing the rotameter from the pipe line. 

Low Maintenance Cost: The simplicity of the rotam- 
eter’s only one moving part—the float—implies tze 
minimum of wear. In the free float construction there 


glass tapered tube. The dime: ional tolerances to 
which these tubes are held are such that each tube 
of a given size is interchangeable with any other of 
this size. The complete fidelity of this interchange- 
ability requires adherence to tolerances of 0.0002-inch 
for the smaller tubes—a thoroughly remarkable pro- 
duction performance. The tapered glass tube is 





FIGURE 3 
Rotameter electric transmitter 


is no mechanical friction; in the case of the guided 
float construction, the friction is extremely ‘small. 

Wide Range: Ranges from maximum to minimum of 
20 to 1 are common in rotameter construction and 
even wider ranges may be obtained. The rotameter 
has the widest range of any flow-rate-measuring de- 
vice. 

Immediate Response: If the rotameter is absolutely 
free, it responds instaritly to the slightest change in 
flow. This is of great value to the operator for thus 
he knows instantly when the flow rate changes from 
the specified amount. 

Low Installation Cost: The rotameter lends itself 
easily to the regular flow piping.and its installation 
is negligible compared to the layout of orifice meter 
runs. 

The disadvantages of rotameter are several. The 
glass tube is breakable, due to an external or ex- 
cessive shock, pipe strains, and even quick tempera- 
ture changes. In such cases, the rotameter becomes 
a fire hazard and can be a source of injury to oper- 
ators. Rotameters are constructed with two stuffing 
boxes which in severe services presents considerable 
maintenance and loss of valuable fluids. In case of 
the remote transmission systems which are expen- 
sive, the basic difficulty of all flow meters using 
induction bridge transmitters has in the past been 
the seemingly incurable effect of temperature changes 
on the resistance (and therefore the balance points) 
of the impedance coils. However, one rotameter man- 
ufacturer does claim a new development wherein the 
transmitter is not appreciably affected by tempera- 
ture changes. Also, there will be many instances 
where gases and liquids will continually form de- 
posits on the inside of the rotameter tube and the 
float, therefore affecting visibility and accuracy and 
requiring frequent cleaning. 


Construction 


The success of the rotameter as an accurate flow- 
rate measuring device is based on the precision-bore 
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formed in a metal mandrel so that the accuracy and 
mirror-like internal smoothness of the glass tube 
naturally depends on the dimensional accuracy and 
finish of the stainless-steel mandrel. Rotameter scales 
are in some instances etched on the tube itself. At 
least one manufacturer offers a removable calibrated 
scale lying in close proximity to the metering tube 
which permits changing from one service to another 
merely by changing to the appropriate scale. In the 
case of rotameter floats, there are two classifications 
—the free float and the guided float. 


The free float is the absolute in symplicity. There 
is only one moving part which is itself the primary 
meter and the ultimate indicator. There is no friction 
whatsoever, hence no hysteresis, and if the tapered 
tube is kept clean there is no reason readings cannot 
be reproduced to within the capacity of the observ- 
er’s eyesight. The above depends on one prime factor 
and that is that the float be in the exact center of 
the tapered tube for all readings and that the float 
does not wabble or oscillate. The top-shaped free 
float, quite satisfactorily meets these conditions, but 
when constancy must be met, the free center guided 
type takes care of such jobs. 

The guided float when properly made is almost 
frictionless, being bushed for only two points of 
contact on a stainless-steel guide wire. The bushings 
are characteristically rounded and are of stainless 
steel, glass or sapphire jewels. Greater accuracy is 
secured by means of the guide rod since the float is 
always properly aligned with respect to the metering 
tube. The guide rod makes sure that accuracy is 
maintained since it is impossible for the float to 
change the shape of the annular area by oscillating. 
Furthermore, greater flexibility is obtained, and while 
the free float must be designed along specific lines 
to insure stability, the guided float retains stability 
although specifically shaped. 

Dimensional and weight floats to overcnme the 
problems encountered in certain specific services are 
as follows: 

a. Density compensation guided floats can be used 
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where the inaccuracy due to normal changes in fluid 
density must be overcome. 

b. Uni-vis guided floats can be used where inac- 
curacies due to normal changes in fluid viscosity 
must be overcome. 

c. Small diameter ratio guided floats can be used 
to decrease the flow range to as low as 2 to 1 or less. 

d. Lightweight ratio guided floats can be used to 
reduce the pressure drop through the rotameter to 
the absolute minimum. 

Uni-vis floats are used to avoid viscosity effects. 
Studies of viscosity effects reveai that special shap- 
ing of the float will maintain the flow efficiency— 
coefficient at practically constant flow and will null- 
ify almost entirely the effect of viscosity changes. 


With the conventional plumb bob rotameter, a 
slow increase in. fluid viscosity tends to lift the float 
upward because of the large surface area exposed 
to surface drag. Moreover, the stream pattern varies 
greatly with changes in temperature. Almost com- 
plete immunity from these effects can be secured by 
a float made up of a-sharp-edged disc with a body 
portion small in diameter but or sutticient length and 
with suitable density to secure the desired float 
weight. Therefore with such a float, almost identical 
turbulence is produced over a wide range of fluid 
velocities. 

Guided floats achieve very satisfactory density 
compensation. If the unit of measurement is in terms 
of weight, a means for self-compensation, for changes 
in density of fluid is presented by the basic rotameter 
principle. An inspection of the governing formula will 
reveal that by making the float density equal to twice the 
density of the metered fluid, a mean compensation 
is secured; the rotameter is then practically inde- 
pendent of fluid density when the scale is in weight 
units. Particularly in gasoline measurement, this re- 
sult may be accomplished by making the sharp-edged 
disc portion of stainless steel and the cylindrical body 
of plastic. 

Good stuffing box design is extremely important 
in a rotameter to obtain a leak-proof joint between 
the tapered glass tube and the metal end fittings 
which join it to the pipe line. The stuffing box 
should be provided with at least two packing rings 
of sufficient depth and wall thickness to provide for 
a secure seal on the glass tube. The packing-adjust- 
ing ring should be of ample strength and easily 
adjustable with a spanner or strap wrench. 


Dashpot rotameters for pulsating flows are de- 
signed especially for accurate rate of flow measure- 
ment of pulsating fli ws. Since the calibration curve 
of the rotameter is a linear function which therefore 
results in evenly spz.ced graduations on the calibra- 
tion scale,.the mean rate of flow is accurately deter- 
mined by obtaining the linear mean distance between 
the extremes of flow. To eliminate the difficulty in 
attempting to determine the mean distance between 
extremes of pulsation by observation, there is placed 
either above or below the meter body an extension 
containing a precision-bore gauge glass in which a 
closely fitting piston attached to the metering float 
functions to indicate the average rate of flow. Any 
desired degree of dashpot effect is possible through 
design of the piston. Where it may be necessary to 
vary the degree of dashpot effect after the rotameter 
is in service, a bypass containing a needle valve 
across the dashpot extension can be employed. The 
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desired dashpot effect can then be obtained by adjust- 
ing the valve. 

Rotameters for opaque fluids are recommended 
where difficulty in reading the position of the meter- 
ing float may be encountered because of fluid opacity. 
To overcome this difficulty, an extension containing 
a precision-bore gauge glass is attached to the meter 
body either above or below as desired. A closely 
fitting piston attached to the metering float and ex- 
tending into the gauge glass indicates the rate of flow 
through the rotameter. The diameter of the piston 
is only a few thousandths of an inch smaller than the 
inside diameter of ‘the gauge glass, thus permitting 
only a thin film of fluid, not enough to obscure the 
piston, between the piston and gauge glass. 

Rotameters for vapors containing condensibles are 
available to eliminate the inaccuracies arising from 
the tendency for condensate to collect on the float. 
This type is similar to the dashpot and opaque exten- 
sion rotameters, the difference being in the type float 
used. The metering float is hollow and is connected 
to the piston by a hollow tube. Condensate collecting 
on the metering float drains into the extension which 
for this type must, of course, be attached below the 
meter body. By appropriately connecting a drain or 
stream trap, the lower extension can be maintained 
empty or full of the liquid depending on the degree 
of dashpot effect desired. 


Equilibrium Vapor Pressure of Water 
(Pressure in Millimeters of Mercury) 















































| ! fi] ! | j 
Milli- | Milli- Milli- 
t°F t°C meters t°F °c meters t°F er meters 
32.0 | 0 | 4.5687 102.2 | 39 51.997 | 172.4 | 78 | 327.05 
33.8 | 1 | 4.9091] 104.0] 40 54.865 | 174.2] 79 340.73 
35.6 | 2 | 5.2719} 105.8| 41 57.870 | 176.0| 80 | 354.87 
oe6.1-4 5.6582 | 107.6 | 42 61.017 | 177.8 | 81 369.51 
39.2 | 4 | 6.0693} 109.4| 43 64.310 | 179.6 | 82 384.64 
41.0 | 5 | 6.5067] 111.2) 44 67.757 | 181.4 | 83 400.29 
42.8 | 6 | 6.9718) 118.0) 45 71.362 | 183.2 | 84 416.47 
44.6 | 7 | 6.4660} 114.8) 46 75.131 | 185.0 | 85 | 433.19 
46.4 8 7.9909 | 116.6 | 47 79.071 | 186.8 | 86 | 450.47 
48.2 9 8.5484] 118.4] 48 83.188 | 188.6 | 87 | 468.32 
50.0 | 10 9.1398 | 120.2] 49 87.488 | 190.4 | 88 | 486.76 
51.8 | 11 | 9.7671} 122.0] 50 91.978 | 192.2 | 89 505.81 
| 53.6 | 12 | 10.432 123.8 | 51 96.664 | 194.0| 90 | 525.47 
| 55.4 13 11.137 125.6| 52 | 101.55 195.8] 91 | 545.77 
| 7.2 14 11.884 127.4] 53 106.65 | 197.6 | 92 566.71 
| 80.0 | 15 12.674 129.2 | 54 111.97 199.4 | 93 588.33 
| 60.8 | 16 13.510 131.0 | 55 117.52 | 201.2| 94 610.64 
62.6 | 17 | 14.395 132.8 | 56 123.29 0 | 95 633.66 
| 64.4 18 15.330 | 134.6 | 57 129.31 | 204.8] 96 657.40 
66.2 | 19 | 16.319 | 136.4| 58 | 135.58 | 2066] 97 681.88 
| 68.0 | 20 | 17.363 138.2 | 59 142.10 | 208.4| 98 707 .13 
| 69.8 | 21 18.466 | 140.0! 60 148.88 | 210.2] 99 733.16 
71.6 | 22 19.630 | 141.8] 61 155.95 | 211.0 | 100 760.00 
| 73.4 | 23 | 20.858 | 143.6] 62 | 163.29 | 212.8 | 101 787.59 
| 75.2 | 24 | 22.162 145.4] 63 170.92 | 215.6 | 102 816.01 
| 77.0 | 25 | 23.517 147.2 | 64 178.86 | 217.4 | 103 845.28 
| 78.8 | 26 | 24.956 149.0 | 65 187.10 | 219.2 | 104 875.41 
80.6 | 27 | 26.471 150.8 | 66 195.67 | 230.0] 110 | 1075.37 
82.4 | 28 | 28.065 152.6 | 67 | 204.56 | 248.0 | 120 1491.28 
84.2 | 29 | 29.744 154.4| 68 | 213.79 | 266.0] 130 | 2030.28 
86.0 | 30 | 31.510 156.2 | 69 | 223.37 | 284.0] 140 | 2717.63 
87.8 | 31 33.366 158.0 | 70 | 233.31 | 302.0| 150 | 3581.2 
89.6 | 32 | 35.318 | 159.8| 71 243.62 |. 320.0 | 160 | 4651.6 
| 91.4 | 33 | 37.369 161.6 | 72 | 254.80 | 338.0 | 170 | 5961.7 
93.2 | 24 | 39.523 163.4 | 73 | 265.38 | 356.0] 180 | 7546.4 
| 95.0 ; 35 | 41.784 165.2} 74 | 276.87 || 374.0] 190 | 9442.7 
| 96.8 ; 36 | 44.158 167.0 | 75 | 288.76 | 392.0 200 | 11689.0 
| 98.6 | 37 | 46.648 | 168.8| 76 | 301.09 | 408.2 | 209 | 140425 
| 100.4 | 38 | 49.259 | 170.6) 77 | 318.85 | 
| | 
Conversions 
Water column 1 foot high..................... = 0.43365 lb./sq. in. 
. = 62.4283 lbs./sq. ft. 
= 0.0295 atmos 
= 0.8826 inch Mercury 
| = 22.4185 mm Mercury 
= 0.3048 meter of water 
= 304.801 Kgs./sq. meter 
Water column | meter high........:........... =  1,4223 lbs./sq. in. 


= 204.817 lbs./sq. ft. 
0.0968 


i | 
= 
a 
3 


3.2808 feet of water 
= 1000. Kgs./sq. meter. 
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FIGURE { 
G-E Aircraft Gas Turbine, Type !-40 in Cut-Away Longitudinal Section 


and Performance of General Electric's Type 1-40 


Jet-Propulsion Gas Turbine 


DALE D. STREID 
Aircraft Gas Turbine Engineering Division, 
General Electric Company, Lynn, Massachusetts 


Byar.y in 1943, at the request of the Army Air Forces, 
General Electric Company started study of a jet-propulsion 
gas turbine to have considerably higher rating than any jet- 
propulsion gas turbine then in existence. At the request of 
Col. D. J. Keirn, ATSC, and the development committee of 
the company’s engineering division, the original design study 
was made of a gas turbine to have 3000-pound static thrust. 
This design was revised to a gas turbine with 3500-pound 
static thrust with the hope that development of the design in 
the future would allow an ultimate rating of 4000-pound 
thrust. In the latter part of May it was decided that the pro- 
posal would be made for a gas turbine with 4000-pound static 


TABLE 1 
1-40 Jet Propulsion Gas Turbine Data 








Impeller diameter | 30 in. 


Impeller inlet diameter , 18% in 

Impeller hub diameter | Sin. 

Diffuser throat area. . 75 sq. in. 

Fuel nozzle size... ... | 40 gal. per hr. at 
100 Ib. per sq. in 

Turbine nozzle area. . |} 121.3 sq. in. 

Turbine pitch diameter. | 22 in. 

Turbine nossle and blade height. . . | 4 in. 

Exhaust pipe diameter........... ; 21 in. 

Jet nozzle diameter. ........ | 19 in. 

Maximum over-all diameter 48 in. 

Over-all length. .......... | 101% in 

a : ' ...«| 1820 Ibs. 

Center of gravity (aft of trunnion).................... ae 
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thrust at sea level standard conditions. This proposition be- 
came known as the Type I-40 Jet-Propulsion Gas Turbine, 
and on June 26, 1943, it was decided to proceed with this 
development. 

Three months were spent completing the design and 
making drawing for the manufacture of the first development 
gas turbine. As soon as the drawing for each part was com- 
pleted, work was started to produce it. Only six months 
later, in January, 1944, the first I-40 was completed and 
delivered to test. The first I-40 was run up to 8000 rpm on 
January 13, 1944, just 6% months after the start of the 
project. In subsequent tests this gas turbine was run at 
various speeds up to 8700 rpm, a limit observed because the 
buckets of the first turbine wheel had an unfavorable tilt and 
were not considered. satisfactory for operation at higher 
speeds. 

Complete performance data were finally obtained in a 
month after a new turbine wheel had been installed and the 
following data were obtained. These data have been corrected 
to standard conditions of 14.7 pounds per square inch and 
59° F. at the compressor inlet. 


Speed 11,500 rpm 
Thrust 4200 Ib. 

Fuel flow 5070 lb. per hr. 
Exhaust temperature 1300° F. 

Jet diameter 18.2 in. 


So far as was known at the time, 4200-pound was the highest 
thrust that had ever been obtained in a. jet-propulsion gas 
turbine. The performance data were very gratifying but the 
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FIGURE 2 
Lubrication system, G-E Aircraft Gas Turbine 


exhaust temperature was much higher than desired so the 
jet diameter had to be increased to 19 inches in order to keep 
the exhaust temperature below the desired limit of 1200° F. 

Additional developmental I-40 gas turbines were completed 
each month for the next three months. The first three de- 
velopmental gas turbines have been used ever since for per- 
formance and endurance tests at Lynn and have never been 
used in airplanes for flight. The fourth I-40 was shipped to 
Lockheed at Burbank, California, after brief performance and 
operation tests, and it was installed in the first XP-80A 
airplane. 

The first flight of the Lockheed XP-80A airplane powered 
by the I-40 gas turbine was made at Muroc, California, on 
June 10, 1944, less than a year after the start of the project. 
This flight was for about 30 minutes to an altitude of 10,000 
feet and the operation of the I-40 was quite satisfactory. 
Since that time, a great number of flights have been made by 
a large number of Lockheed P-80A airplanes using the I-40 
as the power plant. This airplane is the popularly named 
“Shooting Star,” announced last year as the fastest fighter 
plane in the world. 

Development of the I-40 since the first flight of the P-80A 
has proceeded rapidly. As would be expected with a power 
plant of such radically new size and design, many problems 
developed both as the result of factory testing and flight 
operation. Among the problems which required considerable 
development were, exhaust-cone buckling, sticking of auto- 
matic controls, carbon formation, and fuel-pump wear. These 
problems were brought under control and manufacture of the 
I-40 gas turbine proceeded to fundamentally the same design 
which was laid down during the summer of 1943. Many 
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8000 9000 10,000 11,000 12,000 RPM 
FIGURE 3 


mechanical improvements have been made but no major re- 
design has-been found necessary. 


Description 
Figure 1 shows a cross section of an I-40 gas turbine. Air 
enters the compressor through circumferential inlets on the 
front and back of a double-sided impeller. These inlets are 
covered with screen to keep large particles of dirt or stone 
from getting into the air intake. The air is turned into the 
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annulus of the impeller by means of guide vanes and a single 
splitter vane. The design of the inlet does not impart any 
preswirl to the air as it enters the impeller. The impeller is 
a solid aluminum forging with milled blades, the inlet sec- 
tions of which are bent to match the incoming air flow. The 
discharge from the impeller enters 14 equally spaced diffuser 
passages. At the end of each diffuser passage is a “Wirt” 
type elbow containing four turning vanes which turn the air 
90 degrees into the compressor discharge. 

The air from the compressor outlets is conducted to the 
combustion chambers by means of cast air adapters. These 
air adapters carry the fuel nozzles, the domes or end caps of 
the combustion chamber, and the spark plugs. 

The 14 combustion chambers are of the through flow type 
with air entering from the compressor end and leaving at the 
turbine end in the same direction. The combustion is con- 
trolled by the holes in the liners and the outer, tubes are 
cooled by the compressor discharge air before it enters the 
liners. A thin film of air travels the full length of the liners in 
order to provide cooling at the liner ends at the turbine inlet. 
Ignition during starting is obtained from two spark plugs 
mounted in the diametrically opposite air adapters. Ignition 
of the other combustion chambers is obtained by means of 
cross ignition tubes between all chambers. 

The turbine nozzle ring, containing 48 blades, directs the 
hot gas on to the turbine wheel. There are 54 buckets on the 
turbine wheel. The exhaust from the turbine wheel is diffused 
in an exhaust cone to a lower velocity in a circular exhaust 
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FIGURE 4 





FUEL FLOW- 100 LB/HR 








pipe of constant diameter which carries the gas to a jet 
nozzle. In some installations, the exhaust pipe and exhaust 
nozzle have been combined into an exhaust pipe of constant 
taper from the exit diameter of the exhaust cone to the 
proper jet nozzle diameter. 

Table 1 gives some of the important dimensions and me- 
chanical data of the I-40. 

The mechanical construction of the I-40 consists of five 
major sub-assemblies which are bolted together to form the 
complete assembly. These sub-assemblies are accessory drive, 
compressor, turbine and combustion, exhaust cone, and air 
adapters. Each of these sub-assemblies is a . complete 
operable unit in itself so far as its particular function is. con- 
cerned. Each is independently interchangeable among all I-40 
gas turbines without matching, balancing, or other special 
fitting. The first three have their own bearings, rotors, etc., so 
that they can be tested independently if desired. Advantages 
of this construction for production, maintenance, and field 
service are obvious. 

The I-40 is mounted on two horizontal trunnions and a 
front support. The two horizontal trunnions come out be- 
tween air adapters at the rear air inlet very near to the center 
of gravity of the gas turbine: The front support can be 
mounted on either the top or the bottom of the gear set, 
depending upon the application. 

The accessory drive consists of an outer casing which car- 
ries the various accessories, and a rotor cage which fits inside 
fo the casing and carries all of the gears and most of the 
bearings. The outer casing also acts as the oil reservoir for 
the gas turbine. 

The compressor rotor consists of an impeller with stub 
shafts bolted on each side. The front shaft is carried by a 
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ball bearing and the rear shaft is carried by a roller bearing. 
Axial clearance is adjusted by a sliding ring which carries the 
outer race of the ball bearing. These bearings are carried in 
bearing-support casings which bolt to the flanges of the 
accessory drive on one end and the turbine and combustion 
assembly on the other end. Truss rings are fastened to these 
same flanges and span the front and rear air inlets supporting 
the compressor casings and the diffuser. The diffuser is a 
box-type single casting with the elbows and turning vanes 
cast integrally. The compressor casings form the side walls 
of the impeller and support part of the inlet guide vanes. 

The turbine and combustion assembly consists of a turbine 
bearing support, a turbine rotor, and a set of combustion 
chambers. The turbine rotor has a shaft flash-welded to the 
wheel and has buckefs dovetailed to the rim of the wheel. 
The rotor is carried by a roller bearing at the rear end and a 
ball bearing at the front end. The axial clearance is adjusted 
in the same manner as it is for the compressor rotor by 
means of a: sliding ring which carries the outer race of the 
ball bearing. The bearing support is covered with a shroud 
so that the cooling air can be brought along the inner wall. It 
then passes out through the cooling fan on the front side of 
the turbine wheel, cooling the turbine wheel, and finally 
emerges through the spaces of the combustion chambers. The 
14 combustion chambers are arranged around the turbine 
with their axis conical, joining together at the turbine inlet 
to provide an’annular flow of hot gas. The turbine nozzles 
are mounted between the two rings around the discharge of 
the combustion chambers. At the entrance end of each com- 
bustion chamber, a piston ring joint is used in order to allow 
for expansion due to heating. The flange of the turbine bear- 
ing support which joins to the compressor assembly and the 
flange around the turbine nozzle ring which joins to the 
exhaust cone are connected by tie straps made of Invar so 
that there will be no relaxation when heated. 

The exhaust cone consists of an outer cone and an inner 
cone which is supported by four struts from the outer cone. 
The outer cone is insulated on the outside by an aluminum 
foil and wire mesh blanket. The large front flange of the 
outer cone acts as a shroud for the turbine buckets. The 
small rear flange of the outer cone connects to the exhaust 
pipe. 

The air adapters are aluminum castings and carry the fuel 
nozzles, domes of the combustion chambers, and spark plugs. 
These are so designed that they can be removed from the gas 
turbine for inspection of the fuel nozzles, domes and liners. 





SPECIFIC FUEL CONSUMPTION 
LB/HR/LB.THRUST 
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8000 9000 


The fuel nozzles, domes and liners can be replaced, if neces- 
sary, by removing the air adapters. 

Figure 2 shows the lubrication system of the I-40, The oil 
pump has two elements, a lube element and a scavenging 
element. The lube element draws oil from the reservoir which 
is in the bottom of the accessory-drive casing. The oil passes 
through a filter and is delivered to the four main bearings, to 
the coupling sleeve between the turbine and compressor 
rotor, and to the quill shaft splines which drive the accessory 
drive. Oil from the front compressor bearing and from the 
accessory-drive quill shaft drains directly into the oil reser- 
voir. Oil from the other three main bearings and from the 
coupling sleeve drains into a sump from which it is drawn by 
the scavenger pump and then delivered back into the oil 
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reservoir. At a gas turbine speed of 11,500 rpm, the lube 
pump has a displacement of about 3 gallons per minute and 
the scavenging pump of about 10 gallons per minute. Last- 
chance screens are provided immediately ahead of all oil jets 
to prevent their plugging. 

The gears and bearings in the accessory drive are lubri- 
cated by splash from the gear which drives the lube-oil pump. 
This gear is under the oil level and is protected by a shroud. 
A small amount of oil is admitted to the inside of the shroud 
through an orifice in the bottom. Thus, the quantity of oil 
for lubricating the gears and bearings is metered and the oil 


1350r 
1300 
1250 
1200 
1150 
1100 
1050 
1000 
950 
900 
850 
800 


EXHAUST TEMP. °F 











10,000 11,000 12,000 RPM 
FIGURE 6 


8000 9000 


in the reservoir is not churned into foam by the gears. The 
gear casing is vented by a pipe to a point aft of the baffle 
on the rear side of the rear compressor inlet. This vent opens 
into the accessory drive casing near the center of the front 
side, thus, oil will not run out of the vent at any attitude of 
the gas turbine. 


Performance 


Take-off and military rating of the I-40 is for 15 minutes 
at 11,500 rpm. 

Normal rating is for continuous operation at 11,000 rpm. 

Idling speed is the minimum continuous operating speed 
and is for 3500 rpm. 

Figure 3 shows the thrust of twenty-one I-40 gas turbines 
built at Lynn. The actual test points are shown, corrected to 
standard_conditions. The single line gives the average of the 
data. It passes through 4000 pounds at 11,500 rmp. 

Figure 4 shows the fuel consumption of the I-40, on the 
same basis as the previous curve. The actual test points are 
shown and the single line gives the average. It passes through 
4740 pounds per hour at 11,500 rpm. 

Figure 5 shows the specific fuel consumption of the I-40 
on the same basis as the previous curves. The actual test 
points are shown and the single line gives the average. It 
passes through 1.185 at 11,500 rpm. 

Figure 6 shows the exhaust temperature of the I-40 on the 
same basis as the previous curves. The actual test points are 
shown and the single line gives the average. It passes through 
1170° F. at 11,500 rpm. 

Table 2 gives the average performance of the I-40 on the 
same basis as the previous curves. The data for thrust, fuel 
flow, specific fuel consumption, and exhaust temperature are 
from the curves. 


TABLE 2 


1-40 Gas Turbine Average Performance Data at 11,500 rpm with 
Standard Inlet Conditions of 14.7 Pounds per Square Inch, 59° F., 
and O ram. 








Thrust. 4000 lb. 
Fuel flow. .. 4740 lbs. per hr. 
Specific fuel consumption ‘ 1.185 lb. pom hr. per lb. thrust 
xhaust temperature... 1170° F 
Compression ratio. 4.126 
— r discharge temperature . 413° F. 
jon pressure drop. ..... — per sq. in. 
Turbine inlet —.. 1492° 
ir fow..... 79 Ib. a second 
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PENBERTHY 


“REFLEX’’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 





Liquid aiways shows 
black—empty space 
shows white. erred 
where the liquid level 
must’ be easily and posi- 
tively visible, and when 
liquids are under high 
pressure or at high tem- 
perature. Made of alloy 
temperature resisting 
steel and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect aligh- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E. requirements. 


The “Reflex” is one of 
the complete line of Pen- 
berthy Gages that meet 


~ 


every liquid level gage 
requirement. 





PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


“ALL IRON” 
LIQUID LEVEL GAGES 
















PENBERTHY 


DROP FORGED STEEL 


LIQUID LEVEL GAGES 





Recommended 
for 1000 Ib 
Hydrostatic 

Pressure 


Made of Chromium-Molybdenuin 
alloy temperature resisting steel, extra 
heavy throughout and stainless steel 
trimmed. Pcsitive automatic shut-off; 
stainless steel balls shut off the flow 
of liquid if glass breaks. Regrinding 
removable seats, heavy duty stuffing 
boxes, union connections. Conform 
with A.P.I.—A.S.M.E. requirements. 


This is one of the complete line of 
Penberthy gages that meet every 
liquid level gage requirement. 





PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


QUALITY 
PRODUCTS 














Body made from a special high 
strength alloy iron, shanks alloy steel 
and trim stainless steel. Extra heavy 
construction throughout, automatic 
and positive shut-off if glass breaks, 
heavy duty stuffing boxes. Conform 
with A.P.I.—A.S.M.E. requirements. 


The “‘All Iron” is one of the complete 
line of Penberthy gages that meet 
every liquid level gage requirement. 
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Penberthy injectors—ejectors—auto- 
matic electric and water (or steam) 
operated sump pumps are all widely 
used throughout the oil ladustry 
because they have always been d depend- 


made by an organization with 59 years 
experience in the manufacture of 
highest quality products. 
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Canadian Plant 


DETROIT 2, MICH. WINDSOR, ONTARIO 


PENBERTHY 


“TRANSPARENT’’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 





















Used to observe color 
and density of liquids 
under high pressures 
and/or temperatures, 
Construction exception- 
ally sturdy. Made of 
alloy temperature resist- 
ing steel, and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E. requirements, 


The “Transparent”’ is 
one of the complete 
line of Penberthy gages 
that meet every liquid 
level gage requirement. 


























PENBERTHY INJECTOR CO. 


Conadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


-DROP FORGED STEEL 
LIQUID LEVEL*.GAGES 





Recommended 
for 750 Ib. 
Hydrostatic 

Pressure | 


“10” 





Steel construction throughout with 
stainless steel interior trim. Auto- 
matic shut-off is positive and in- 
stantanheous; stainless steel balls 
shut off the flow of liquid when 
glass breaks. Heavy duty stuffing 
boxes, union connections, offset 
construction facilitate cleaning and 
simplify glass replacement. Con- 
form with A.P.1.—A.S.M.E. _re- 
quirements. 

This is one of the complete line of 
Penberthy gages that meet every 
liquid level gage requirement. 
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|. Skid-Mounted Transfer Pump Saves 
More Expensive Foundation 


Wien both transfer pump and the 
two pipe lines connetted thereto. are 
located in low or swampy ground, the 
expense of putting in permanent founda- 
tions is often excessive and, unless the 
two are tied together firmly, there is 
apt to be a shift of one or the other ot 
the units and consequent strain on line 
or pump and eventual breakage. 


One refinery set up a skid-mounted 
pump on a crib base which was readily 
rebuilt when it shifted, tying the lines to 
the pump in such a manner that they 
could shift through a number of threaded 
joints without causing binding or con- 
centrated stress. The intake line, being 
under relatively slight pressures, was 
equipped with a spherically ground 
union, and a shirt leg to the tee which 
connected directly to the intake mani- 
fold. The discharge line, on the other 
hand, carried not only a ground joint 
union, but also a double swing which 
brought the flow back directly to in 
front of the end of the pump casing, so 
that the linkage not only could shift 
around the axis of either run of pipe, but 
could also pivot around the tee which 
was set atop the buried discharge main. 


A relief valve installation on this 
pump was tied as closely to the casing 
as possible, so as to relieve it of any 
strain which might be carried through 
either pipe to the point where the swing 
was installed. Unions in both manual 
and pressure-controlled branches of the 
relief system permitted breakdown of 
the line with a minimum of fittings when 
the pump casing required opening.—L.C.L., 
Lousiana. 


2. Protection Provided 
For Sampling Cocks 


ie addition to the sampling of the 
incoming and outgoing streams of pe- 
troleum products at the refinery, it is 
frequently desirable to check the flow 
to and from various tanks in the stor- 
age set-up in addition to the regularly 
collected thief samples collected through 
the gauging hatch. 


Usually such sampling is through 





Skid-mounted transfer pump on crib base 








THE WINNER 


A number of readers selected 
at random and asked to evalu- 
ate items printed in this depart- 
ment in December have indi- 
cated the award should go to 
Item 2— Vapor By-Pass Stops 
Caustic Carry-Over. Accordingly, 
a $25 Victory Bond has been 
sent to the contributor. 











Sampling cock located adjacent to walk and 
protected from damage by pipe guard. 


small lines, tapped into or welded to 
the wall of the main lines to the various 
tanks, with a small sump or open end of 
a pipe in the waste system being utilized 
to collect the waste while the sample is 


* being collected. 


One company has a circulating system 
at the sampling device so that the flow 
can be allowed to equalize the flow at 
the gooseneck with that flowing through 
the pipe, after which the loop is closed 
off and the outlet-line valve cracked to 
permit withdrawal of the sample. 

The sampling valves are located ad- 
jacent to the concrete walks between 
tanks and pump room, being protected 
by a welded pipe guard so that the rela- 
tively small lines are in no danger of 
being tripped over, or possibly broken 
off short by a poorly steered wheel- 
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ELLIOTT 


1100 SERIES 
TUBE CLEANER 


O ‘These 1100 Series cleaners are the most 
powerful we have ever used. The operators 
are very well sold on them." 


2) ‘in a try-out, the 1100 Series tube cleaner 
went through the second half of a tube in 
five minutes. The cleaner we had used 
formerly took an hour and a half for a 
tube.” 


‘“‘We cleaned a number of tubes with the 
1100 Series motor and UO head with such 
success that it was very surprising to all 
concerned.” 


@ “Our coke was 3/16" thick and very hard. 
It used to take eight hours to clean two or 
three tubes. The 1100 Series cleaner goes 
through a tube in 30 minutes. We are 
ordering eight 1100 Series motors and 
twenty UO heads.” 


The above are typical statements of refinery 
engineers, quoted verbatim from Elliott repre- 
sentatives’ field reports. They tell a story of 
valuable time saved, of stills back on stream in a 
fraction of the former time, of gratified executives 
and operators. A try-out of the Elliott 1100 Series 
cleaner may give you the same result. Why not let 
us arrange it? Write. 


ELLIOTT COMPANY 


Lagonda Division, SPRINGFIELD O. 
DISTRICT OFFICES IN PRINCIPAL CITIES 








Get the “HOW-TO BOOK” of refinery tube cleaning — not a 


catalog, but an authoritative treatise on tube cleaning quirks 


and short cuts. Free on request 
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barrow or other yard wheeled equip- 
ment. The horizontal members of the 
pipe guard are extended out beyond the 
last of the uprights, the projecting sec- 
tions being bent back in a smooth curve 
to serve as guide back onto the walk and 
lessen danger of operators’ clothing 
catching on the pipe during windy 
weather.—D.B.L., Illinois. 


3. Water Tank Guard 


Protects Gauger 
Wirt a surge tank connected into 


the water-cooling system on the battery 
of compressors, it is important ,that a 
close check be kept on the tank level to 
prevent the possible entry of tramp air, 
and consequent air-locking of one or 
more water inlet lines—with consequent 
damage to the power unit. 

One plant required periodic manual 
checks of the water level within the 
tank, in addition to the indication ob- 
tained from the float gauge and a pres- 
sure gauge set up within -the plant 
engineer’s station. To facilitate the fre- 
quent inspection of the water tank, a 
housing was built to surround the tank 
ladder, the housing extending from the 
six-foot level above the ground to an 
elevation which enclosed the gauger on 
all save the tank side when he was in 
proper position for gauging. 

















The guard was welded up from %-inch 
steel rod, braced horizontally at top, 
bottom, and the ends of the offset at 
the tank platform, so as to afford the 
requisite stiffness to the structure to af- 
ford firm support to the gauger in case 
he relied on the guard to catch him. 

Use of the guard speeded up gauging 
operations, especially during periods 
when high winds were blowing, and it 
would otherwise have been difficult to 
maintain footing on the ladder round 
and also manipulate the gauging tape— 
G.O.E., Texas 


148 


4, Turbine Profits from 
High Efflux Pressure 


\ HEN large quantities of high- 
pressure fluid must be reduced to around 
atmospheric for waste or regeneration, 
mounting of a turbine in the stream may 
be made to pay dividends in the form of 
generated electrical energy. 

In the installation pictured, soda ash 
and water is employed to extract hydro- 
gen sulphide from natural gas. The 
pressure on the contact column is 
around 500 pounds, but before regenera- 
tion, zero pressure must be attained, re- 


quiring the installation of automatic. 


valves to maintain the desired constant 
back pressure while reducing the head. 
This same result is attained with the 
turbine, without the former close super- 
vision required of the valve installation, 
and with the power picked up through 
the turbine available to meet a portion 
of the plant needs.—O. O. W., Texas. 


0. Piece of Belting 
Speeds Pipe Cutting 


A PIPE-FITTING wrinkle that saves 
considerable time in the task of making 
torch cuts consists of a short length of 
light leather belting having straight cut 
and parallel sides. 

The strip of leather, some 4 inches 
wide by 3 feet long, is used in accurately 
encircling and marking a pipe to be cut. 
Drawing the strap snugly around the 
circumference and marking the pipe 
with chalk, using the side of the leather 
as a “straight-edge,” will give uniformly 
good results and will provide square- 
faced cuts. 

A perfect 45-degree angle cut is made 
as easily as a straight one, it being nec- 
essary only to determine the outside di- 
ameter of the pipe, then laying off that 
distance along the length of the pipe. 
The diagonal cut is made across the 
square formed by the two: sides of the 
pipe and the measured distance. A more 


Power generating unit cut into outflow trans- 
forms excess pressure to usable current output. 


exact cut may be made if three center 
lines are first laid off, one at the top 
and one on each side, 90 degrees down 
the side of the pipe, these lines also 
being made with the aid of the straight- 
edge strap. If the pipe-diameter distance 
laid out along the length of the pipe is 
then halved, the intersections of the 
several lines will make it an easy matter 
to sketch across the pipe to make the 
45-degree line. 


6. Elevated Tank Fills 
Barrels at Truck Level 


(Geissanvs and other refinery by- 
products which are frequently delivered 
to the user or consumer in drum lots. 
are stored by one refiner in elevated 
tanks which permit gravity flow to tank 


Special products barreled by gravity and at level for easy loading on trucks 
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UNDIVIDED RESPONSIBILITY IN ONE ORGANIZATION 


Ww many years of experience in refinery engineer- 
ing on a world-wide scale,the McKee organization 


was well prepared for war. Today, with an enlarged 


staff and added know-how gained in wartime activities, 
McKee is even better prepared for the Refinery Indus- 


try’s construction and reconversion programs of peace. 
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trucks, as well as in ‘to drums which, 
for filling purposes, are ranked on a 
platform set in under the cylindrical 
tank itself. Gravity flow is utilized for 
filling the drums, with a metering valve 
which permits a predetermined amount 
of “uid to enter the container. 

Tie drumming platform is erected at 
a he'ght which enables the filled drums 
te pe skidded or rolled directly across 
the tail gate and onto the bed of the 
truck which is to handle them. This 
checking of platform and _ truck-bed 
levels enables one man to do all the 
drumming without need for calling on 
the-truck driver or other yard worker 
when heavy drums are to be loaded out. 

In the installation shown, no roof or 
other shelter is provided over the drum- 








READERS ARE URGED TO CONTRIBUTE items to this department. 
Drawings or photographs are desired where practical. Payment for 
items accepted will be on a basis that will compensate for the time 
involved and in addition each contribution will be eligible to receive 
the bond award as outlined in the announcement on page 152. Jury 
awards will be announced in the second issue after publication. 








ming stand, as the product being han- 
dled is one which is used by natural- 
gas distributors to enable a gas leak to 
be discovered by the characteristic scent 
of the additive—L.P.G., Texas. 


/. Cooling Tower Screens Protect 
Circulating Pumps from Trash 


PF avrichion of the circulating 
pumps which take the reflux from the 
sump and pump it again over the cool- 
ing tower is necessary to forestall the 
entry of leaves and other wind-borne 
trash, as well as sticks, bits of timber 
and other floating debris which seems 
to find its way unaccountably into even 
the most carefully protected cooling- 
tower installations. 

One refinery utilizes a concrete col- 
lecting sump, cast with integral top, and 
enclosed on all sides except where the 
inflow from the tower pits enters. Across 
the openings to the pump-suction cham- 


bers, paired metal-mesh screens are 
placed, sliding in grooves cast in the 
vertical walls of the openings. These 
two screens are made with mesh of 
different sizes, the one nearer the tower 
having %-inch mesh to arrest the larger 
floating particles, the inner one having 
Y%4-inch mesh and serving to arrest any- 
thing large enough to cause damage to 
the pump impellers or to clog the noz- 
zles on the spray deck. 

To clean the screens, the trash is first 
raked off the outer screen as far as pos- 
sible, and then the unit pulled to allow 
loosening of the material which has be- 





The upstream screen is of larger mesh than the other and in combination they prevent trash 
entering the pumps. 
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come entangled in the mesh. In the 
meantime the fine screen serves to stop 
all! material which may tend to enter 
with the incoming stream from the 
tower pits. The large screen is then re- 
placed, and the same process followed 
while clearing the finer mesh. 

The screens are shown with the tops 
exposed in the photograph. Under nor- 
mal operating conditions the opening 
through which the screens are: with- 
drawn is covered with a wide plank with 
cleats to register with the edges of the 
aperture, so as to prevent accidental dis- 
lodging, and also to shut out trash 
blown onto the pump deck.—T.C.T., Texas. 


8. Hot Gas Detoured 
To Heat Engine Room 


EAT for the engine room of a gaso- 
line plant obtained from the engine ex- 
haust manifold and cooling water sys- 
tem is augmented in one plant by plac- 
ing a set of coils along one wall and 
piping a part of the compressed, gases 
through the coil instead of through the 
heat exchanger outside the building. 

The coils are mounted ’on a rigid base 
at one end, with the other supported in 
a saddle which permits expansion shift, 
while the superimposed coils are each 
carried in pipe saddles welded to the 
lower but merely cupped around the 
upper level pipe. 

Use of high-pressure gases for heat- 
ing exposes the plant to a certain amount 
of additional fire or explosion risk, and 
such an expedient calls for rigid inspec- 
tion of the initial installation and close 
supervision of the unit to guard against 
leaks—even the smallest of which would 
quickly charge the engine room with an 
inflammable mixture. 


9. Wire Cloth Guard 
For Hot Manifold 


O prevent accidental contact with 
hot exhaust manifolds in a crowded 
pump room, one company fits a specially 


* built cage over the manifold and the 


accessible portion of the vertical exhaust 
stack. The cage is formed with a %-inch 
angle iron frame, in two halves, to clamp 
around the exhaust stack and permit 
quick removal. To the light steel frame 
is tack-welded heavy %4-inch mesh hard- 
ware cloth or even more sturdy welded 
screen of like opening. 

This screen effectively prevents con- 
tact with the exhaust system, yet does 
not seriously cut down on air circula- 
tion to the hot parts of the engine, per- 
mitting them to be cooled by. upwaid 
currents and thus not overheated as 
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Meet the 
Cooper-Bessemer 


BUILDERS OF 


DEPENDABLE 


HE GMX 2-cycle, V-engine-driven com- 

Pressor is the companion unit to Cooper- 

Bessemer’ s larger, well-known GMV. Thus the 

and the GMV differ mainly in size, In 

fact they share all the outstanding features 

that contribute to the exceptional GMV per- 

formance in all kinds of gas transmission, 

i ini Processing, and syn- 

thesis service. Here are only a few of the 
advantages they offer in common: 


l. Tough Meehanite Metal Construction 
2. Silent Scot Fuel Injection 
Low Pressure Streamlined Scavenging 
- Symmetrica] Pistons and Heads 
- Outside Water Jumpers 
- Turbuflow Oi] Cooled Pistons 
- Tin Plated Pistons 
b Saddle-Type Piston Pin Construction 
Precision Type Interchangeable Bearings 
. Articulated Connecting Rods 
. Counterweighted Crankshatt 
- Full Pressure Lubrication 
- Dual Lube Oi! Filtering 
- Automatic Speed and Capacity Control 


OR PoORAT 
Mi. Vernon, Chio sid % 


New York - Washington - Bradford, Pq, . Parkersburg, 
W. Va. - San Francisco, Cal, - Seattle, Wash. - Houston, 
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Shreveport - St. Louis - Los Angeles. 
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E kcn month the operating personnel 
in the refining, cycling and natural- 
gasoline plants determine the winner of 
a War Bond, maturity value $25.00. 
Superintendents, assistant superintend- 
ents and foremen (subscribers as well as 
non-subscribers) become a jury to select 
the most practical contribution to this 
department on maintenance and opera- 
tion. The editors rotate voting among 
men qualified to determine the rating. 
This award is in additon to payment 
for the article, The methods of solving 
plant operation and maintenance prob- 
lems come from the personnel of the in- 
dustry. Items provided by Petroleum Re- 
finer staff members will not be’ eligible. 
Send contributions to Petroleum Re- 
finer, P. O. Box 2608, Houston 1, Texas. 











might be the case were they more com- 
pletely enclosed. 

The flange along the abutting tops of 
both sections may be threaded on one 
side to coincide with bolt holes in the 
other, or nuts may be brazed or spot- 
welded to one side. Either plan provides 
fixed nuts which cannot rattle loose or 
drop onto the hot engine when placing 
or removing the shield. 





10. Pipe Scattold Saves Labor, Promotes 


Safety in Station Building Painting 


Ouxto FILLINGAME, chief engi- 
neer at the Scotland Compréssor Station 
of United Gas Pipe Line Company, New 
Orleans District, conceived and had con- 
structed a special painting scaffold, de- 
sign of which is shown below. It com- 
bines safety and efficiency with adapt- 
ability to the particular needs of the 
workmen of the plant. 

Presentation of this idea here is through 
courtesy of United Gas Log, published for 
workers of United Gas Corporation and its 
subsidiary units. In presenting this item to 
its readers, United Gas Log said: 

“Mr. Fillingame’s device, although de- 
signed for specific use at Scotland Sta- 
tion and therefore not to be classed as 
a standard scaffold, is in the opinion of 
those who have used or examined it, a 
very practical type of scaffold, embody- 
ing excellent safety features and sim- 


plicity of construction indicating that it 
can be fabricated from salvage material 
at nominal cost. 

“Through reproduction here it is in- 
tended to pass on to other districts of 
the system the features of this practical 
idea and at the same time give due 
credit to Mr. Fillingame and the num- 
bers of others within our organization 
who, by putting their inventiveness to 
work in labor-saving devices, contribute 
so much to the safety and efficiency of 
their fellow workmen.” 

The drawing was prepared by the 
company’s engineering department, and 
while this scaffold was designed for use 
on a particular station building, it pre- 
sents an idea that could well be modified 
in design for any other particular loca- 
tion or purpose where walls must be 
gone over. It would speed conditioning 
of the outside of tanks. 








































































— SIDE ELEVATION =— 





—_ . PaO) 
wy : 7? ? ? 
t » ~ ») 
ed Pou Fe 
be i L ; 
22 ve) = Tae e'-6" ~ 2°x2 
SIDE FRONT 
— VATION WIN — 
¥/a8 1-0" 





: =" 4x6" iron Plate 


2"x4" x6" Wood -Made to 
fit Corrugated Wall 





— DETAIL “A c— 











Painting scaffold used at United Gas Pipe Line Company's Scotland Compressor Station 
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THE WonTH IN THE INDUSTRY 


‘Linx OIL INDUSTRY’S strike situation has all but cleared up with local unions 
accepting an 18-percent increase in wages and shift pay rate differentials. Some 
plants still are nominally under Navy supervision but indications are that labor 
peace for the industry is again an accomplished fact. But the plague of strikes, 
principally auto and steel, may in the aggregate result in greater loss to the oil in- 
dustry than its own labor controversy. Steel stoppage can very soon affect the oil- 
producing industry, and failure of the anticipated new cars to materialize is certain 
to defer the increase in gasoline that had been expected. Strikers and others out of 
employment because of the work stoppages are spending savings that might have 
gone into new cars and the luxury use of them, dimming the possibility that the 
stocks of gasoline being built up will be needed during the summer. 

Gasoline consumption currently is lower than prewar. Fuel oils continue in 
short supply despite permitted price increases in the East designed to induce refiners 
to make less of their runs into gasoline; stocks of the latter are approaching record 





Conventions 


February 
25—American Society for Testing 
Materials, spring meeting, Pitts- 
burgh (continues through March 


1). 
25—Chemical Industries Exposition, 
Grand Central Palace, New York 
(continues through March 2). 
March 
25-27—Western Petroleum Refiners 
Association, annual meeting, 
Blackstone Hotel, Fort Worth. 
31—American Institute of Chemical 
Engineers, South Texas Section, 
Rice Hotel, Houston (through 
April 3). 
April 
17-19—Natural Gasoline Association 
of America, Baker Hotei, Dallas. 
18-19—National Petroleum Associq- 








proportions. 


In Washington, Congress has before it proposal from the Surplus Property 
Administration that the government-built aviation-gasoline plants be sold to the 
companies which operated them. Recommendations on the Big-Inch pipe lines are 


not so definite. 


Federal Power Commission was told definitely by Texas interests appearing 
before its hearing at Houston that the producers do not want federal regulation of 


production or of end use of gas. 


API Refining General 
Committee Enlarged 


American Petroleum Institute has an- 
nounced increase of membership of its 
general committee for the Division of 
Refining from 25 to 40 members to >ro- 
dive wider representation. New names 
were added to the committee as an- 
nounced at the meeting of the institute 
at Chicago in November. J. Howard 
Pew, vice president for refining, is ex- 
officio chairman of the committee, which 
as revised includes: 

Hines H. Baker, Humble Oil & Re- 
fining Company, Houston; Paul G. 
Blazer, Ashland Oil & Refining Com- 
pany, Ashland, Kentucky; Clyde M. 
Boggs, Kanotex Refining Company, Ar- 
kansas City, Kansas; Reid Brazell, 
Leonard Refineries, Inc., Alma, Michi- 
gan; W. F. Burt, Socony-Vacuum Oil 
Company, New York; H. S. Chase, 
Tide Water Associated Oil Company, 
New York; C. E. Davis, Shell Oil Com- 
pany, New York; David E. Day, Rich- 
field Oil Corporation, Los Angeles; 
Sylvester Dayson, Premier Refining 
Company, Longview, Texas; R. G. 
Follis, Standard Oil Company of Cali- 
fornia, San Francisco; P. N. Fortin, 
Yale Refining Company, Billings, Mon- 
tana; A. P. Frame, Petroleum Advisers, 
Inc., New York; M. Halpern, The Texas 
Company, New York; D. P. Hamilton, 
Root Petroleum Company, Shreveport; 
G. W. Hanneken, The Standard Oil 
Company, Cleveland; C. L. Henderson, 
Vickers Petfoleum Company, Wichita, 
Kansas; E. J. Henry, The Atlantic Re- 
fining Company, Philadelphia; C. A. 
Johnson, Socal Oil & Refining Company, 
Los Angeles; F. B. Koontz, Mid-Con- 
tinent Petroleum Company, Tulsa; 
Harry A. Logan, United Refining Com- 
pany, Warren,. Pennsylvania; Walter 
Miller, Continental Oil Company, Ponca 
City; W. E. Moody, -Deep Rock Oil 
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Corporation, Cushing, Oklahoma; S. B. 
Mosher, Signal Oil & Gas Company, 
Los Angeles; H. D. Moyle, Wasatch 
Refining Company, Salt Lake City; 
W. R. Newman, Frontier Refining Com- 
pany, Cheyenne; John W. Newston, 
Magnolia Petroleum Company, Beau- 
mont; Glenn E. Nielson, Husky Refin- 
ing Company, Cody, Wyoming; G. G. 
Oberfell, Phillips Petroleum Company, 
Bartlesville; M. G. Paulus, Standard Oil 
Company (Indiana), Chicago; Arthur E. 
Pew, Jr., Sun Oil Company, Philadel- 
phia; G. L. Rowsey, Taylor Refining 
Company, Taylor, Texas; W. A. Slater, 
Gulf Oil Corporation, Pittsburgh; C. F. 
Smith, Standard Oil Company (New 
Jersey), New York; Rudolph G. Sonne- 
born, L. Sonneborn & Sons, New York; 
W. L. Stewart, Jr., Union Oil Company 
of California, Los Angeles; William A. 
Stoll, Stoll Oil & Refining Company, 
Louisville, Kentucky; G. H. Taber, Jr., 
Sinclair Oil Corporation, New York; 
James W. Vaiden, Skelly Oil Company, 
Tulsa; C. B. Watson, The Pure Oil 
Company, Chicago, and W. S. Zehrung, 
The Pennzoil Company, Oil City, Penn- 
sylvania. 


tion, Hotel Cleveland, Cleveland. 

23-25—-Southwest Gas Measurement 
Short Course, University of Okla- 
homa, Norman. 


iy 
7-9—National Association of Corro- 
sion Engineers, President Hotel, 
Kansas City. 
June 
24-29—American Society for Testing 
Materials, annual meeting, Buf- 
falo. 
November 
11-14—American Petroleum Institute, 
annual meeting, Stevens Hotel, 
Chicago. 











Emery Named Secretary of 
American Chemical Society 


Alden H. Emery has been elected sec- 
retary and business manager of Amer- 
ican Chemical Society, to succeed Dr. 
Charles L. Parsons who has retired after 
serving as secretary for 38 years and as 
business manager for 14 years. Emery 
has been assistant manager since 1936 
and assistant secretary since 1943. 

Emery received his bachelor of arts 
degree magna cum laude in 1922 from 
Oberlin College, where he specialized in 
chemistry. After obtaining a master of 
arts degree from Ohio State University 
in 1923, he joined the staff of the Bureau 
of Mines as a chemist at the Pittsburgh 
Experiment Station. In 1927 he went to 
Washington to take up administrative 
work in the bureau, and was assistant 
chief engineer of the bureau’s experi- 
ment stations division in 1936 when he 
resigned to become assistant manager of 
American Chemical Society. 

Emery was secretary of the American 
Chemical Society’s division of gas and 
fuel chemistry from 1933 to 1937. From 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from American 
Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels) 









































Crude Oil Gasoline Gasoil and Distillate Residual Fuel 
Trends in Production} Runs to Stocks | Production} Stocks | Production| Stocks | Production) i: 
Week Ended: Daily Stills Daily) Week End|~ Weekly |WeekEnd| Weekly | Week End| Weekly | Week End 
1945: 
January 27.... 4,727 4,756 221,310 14,957 88,223 4,843 33,561 9,252 51,119 
February 24... 4,777 4,803 219,351 15,500 95,972 4,958 28,753 9,084 46,713 
March 31...... 4,781 4,677 223,782 14,644 98,758 4,548 26,889 9,184 41,745 
April 28....... 4,805 4,780 | 223,474 14,633 94,068 4,636 28,273 9,379 39,813 
May 26....... 4,887 4,950 222,831 15,194 89,121 4,667 29,184 9,670 38,548 
June 30....... 4,903 4,999 220,781 15,546 86,472 4,910 32,213 9,077 40,488 
July 28........ 4,930 4,996 218,507 16,106 86,008 4,598 36,071 9,586 42,283 
August 25... .. 4,892 4,931 211,813 15,986 84,693 4,960 39,782 9,356 46,201 
September 29 4,357 3,812 387 11,913 79,552 3,940 43,689 7,047 853 
October 27.... 4,273 4,838 224, 15, 74,335 5,159 43,472 8,691 45,943 
November 24. . 4,469 4,648 219,363 15,681 83,184 4,802 45,258 8,800 47,474 
ann mber 29... 4,474 4,729 | 218,918 14,546 95,205 5,055 36,651 8,765 42,447 
January 26.... 4,626 SRE... kcwoaan 13,622 107,737 5,720 29,498 8,411 39,722 
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THE Monts... 


‘1924 until this year he was an abstractor 
for “Chemical Abstracts,” a publication 
of the society which provides digests 
of articles appearing in chemical journals 
throughout the world. He was assistant 
editor of “Chemical Abstracts” in charge 
of its fuel section from 1931 to 1939. He 
also served from 1931 to 1939 as editor 
of several sections of “Metallurgical Ab- 
stracts” dealing with the chemical as- 
pects of metallurgy. 

As a member of the American Insti- 
tute of Mining and Metallurgical Engi- 
neers, he helped to establish the organ- 
ization’s industrial minerals division, of 
which he was secretary in 1938 and vice 
chairman in 1939. He also was chairman 
for several terms of the division’s com- 
mittee on chemical raw materials. 

He is a fellow of the American Asso- 
ciation for the Advancement of Science, 
and is the author of several Bureau of 
Mines publications. 


South Texas Instrument 
Men Organize Society 


Formation of the South Texas Instru- 
ment Society, composed of men working 
with and interested in all types of con- 
trol and measuring instruments in the 
Corpus Christi area, has been announced 
by J. G. Pratt, president. 

Meetings are held the second Tuesday 
of each month. Homer C. Givens, Fal- 
furrias, with La Gloria Corporation, is 
secretary. 


API Names Committee 
On Analytical Research 


A new standing committee of the 
American Petroleum Institute, to be 
known as the Committee on Analytical 
Research, has been announced. 

Principal duty of the new committee 
will be to develop and formulate methods 
of analysis needed by the petroleum in- 
dustry for intermediate products of man- 
ufacture and for control of manufactur- 
ing processes. It is to continue in peace- 
time the type of activity conducted in 
wartime by the analytical subcommittee 
of the technical advisory committee of 
the Petroleum Industry War Council. 

Harry Levin, The Texas Company, 
Beacon, New York, is chairman. E. L. 
Baldeschwieler, Standard Oil Develop- 
ment Company, is vice chairman and 
C. E. Headington, Atlantic Refining 
Company, is secretary. Members are: 
R. J. Askevold, The Pure Oil Company, 
Chicago; G. R. Bond, Jr., Houdry Pro- 
cess Corporation of Pennsylvania, Lin- 
wood, Pennsylvania; P. L. Brandt, Pan 
American Refining Corporation, Texas 
City; Ralph Clark, Gulf Research & De- 
velopment Company, Pittsburgh; M. J. 
Partig, The Standard Oil Company, 
Cleveland; B. J. Heinrich, Phillips Pe- 
troleum Company, Bartlesville; C. K. 
Hewes, Richfield Oil Corporation, Wil- 
mington, California; S. S. Kurtz, Jr., 
Sun Oil Company, Norwood, Pennsyl- 
vania; Robert Matteson, California Re- 
search Corporation, San Francisco; A. E. 
Miller, Sinclair Oil Corporation, New 
York; W. H. Naylor, Union Oil Com- 
pany of California, Wilmington; 
J. B. Rather, Jr., Socony-Vacuum Oil 
Company, New York; W. W. Scheu- 
mann, Cities Service Refining Corpora- 
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tion, Lake Charles, Louisiana; C. T. 
Shewell, Humble Oil & Refining Com- 
pany, Houston; E. B. Tucker, Standard 
Oil Company (Indiana), Whiting; F. D. 
Tuemmler, Shell Development Com- 
pany, Emeryville, California, and G. M. 
Webb, Universal Oil Products Company. 
Riverside, Il. 


APi Committee Investigating 
Pressure-Relieving Systems 


The American Petroleum Institute has 
engaged the University of Michigan De- 
partment of Engineering Research to 
investigate pressure-relieving systems, 
analyzing emergency conditions and de- 
sign procedures for predicting capacity 
requirement. 

The project is to include a survey of 
the existing pressure-relieving systems 
in petroleum refineries and case histories 
of both successful operations and failures 
of pressure-relieving systems. Engineer- 
ing principles are to be deveioped using 
the fundamental theories of thermody- 
namics, fluid flow and heat transfer, and 
these princinles will be used to evaluate 
the practical operating data established 
by the survey. 

This proiect is sponsored by the 
American Petroleum Institute Subcom- 
mittee on Pressure Relieving Systems 
under the Committee on Standardization 
of Refinery Equipment. E. O. Mattocks 
of Phillips Petroleum Company is 
chairman of the subcommittee and D. V. 
Stroop of the API staff is secretary of 
the committee. Donald L. Katz, pro- 
fessor of chemical engineering, is super- 
visor of the project for the University 
of Michigan and Nels F. Sylvander, for- 
merly shift superintendent with Ashland 
Oil & Refining Company. Ashland, Ken- 
tucky, has been employed by the univer- 
sity as research engineer for the project. 


API Lubrication 
Committee Expanding 


Activities of the lubrication committee 
of the American Petroleum Institute 
is in process with the objective that the 
committee will serve as a _ clearing 
house for problems affecting the lubri- 
cation industry as a whole, and others 
interested, such as the automotive and 
aviation industries and all types of 
manufacturers. 

Two groups of subcommittees will be 
formed, one group to study automotive 
lubrication problems and the second to 
investigate industrial lubrication. 

It is proposed that the committee will 
consider any necessary classifications 
and general recommendations of lubri- 
cants and to recommend the correct 
types of lubricants for new mechanical 


* equipment, as well as to carry on a num- 


ber of other related activities. 


L. C. Welch, Standard Oil Company - 


(Indiana), Chicago, is chairman of the 
committee and Dayton P. Clark, Gulf 
Oil Corporation, Pittsburgh, is secre- 
tary. Members are: K. C. Baker, J. D. 
Street & Company, St. Louis; Sydney 
Bevin, Fiske Bros. Refining Company, 
Toledo; M. R. Bower, Standard Oil 
Company (Ohio), Cleveland; M. B. 
Chittick, The Pure Oil Company, Chi- 
cago; H. Earl Clack, Havre, Montana; 
A. L. Clayden, Sun Oil Company, Mar- 
cus Hook; Oscar L. Cordell, Bareco Oil 
Company, Tulsa; R. Cubicciotti, L. Son- 
neborn Sons, New York; W. D. Cyphers, 











Lion Oil Company, El Dorado, Arkan- 
sas; C. M. Davison, Standard Oil Com- 
pany of New Jersey, New York; T. G. 
Delbridge, The Atlantic Refining Com- 
pany, Philadelphia; John Downing, 
Standard Oil Company of Kentucky, 
Louisville; G. French, Richfield Oil 
Corporation, Los Angeles; C. W. Georgi, 
Quaker State Oil Refining Company, 
Buffalo; M. D. Gjerde, Standard Oil 
Company (Indiana), Chicago; H. P. 
Hobart, Gulf Oil Corporation, Pitts- 
burgh; Dart Hoffman, Tide Water As- 
sociated Oil Company, New York; W. 
M. Holaday, Socony-Vacuum Oil Com- 
pany, New York; W. L. Holmgren, W. 
H. Barber Company, Minneapolis; R. P. 
Howe, United Cooperatives, Inc., Al- 
liance, Ohio; P. V. Kane, Sun Oil Com- 
pany, Philadelphia;, F. C. Kerns, The 
Texas Company, New York; J. M. 
Koch, Quaker State Oil Refining Cor- 
poration, Oil City; Harry J. Kennedy, 
Continental Oil Company, Ponca City; 
C. M. Larson, Sinclair Refining Com- 
pany, New York; C. J. Leroux, Valvo- 
line Oil Company, Cincinnati; Ray I. 
Mahan, Union Oil Company, Los An- 
geles; A. G. Marshall, Shell Oil Com- 
pany, San Francisco; Ralph R. Mat- 
thews, Battenfeld Grease & Oil Cor- 
poration, Kansas City; K. G. Macken- 
zie, The Texas Company, New York; 
R. W. McDowell, Mid-Continent Pe- 
troleum Corporation, Tulsa; H. S. Mer- 
riman, Socony-Vacuum Oil Company, 
New York; Floyd L. Miller, Standard 
Oil Company of New Jersey, Elizabeth, 
New Jersey; E. V. Moncrieff, Swan- 
Finch Oil Corporation, New York; W. 
M. Murray, Deep Rock Oil Corporation, 
Chicago; M. A. Newman, The Ohio Oil 
Company, Robinson, Illinois; J. S. Nor- 
ris, Refiners Marketing Company, Los 
Angeles; B. W. Pickard. Standard Oil 
Company of California, San Francisco; 
W. H. Saunders, Jr., International Lu- 
bricant Corporation, New Orleans; John 
Schmitt, Tiona Petroleum Company, 
Philadelphia; D. B. Spanogle, The At- 
lantic Refining Company, Philadelphia; 
B. G. Svmon, Shell Oil Company, New 
York; O. J. Tuttle, Cities Service Oil 
Company, Chicago; A. L. Wiest, Shell 
Oil Company, San Francisco; Ken W. 
Yeates. Wasatch Oil Company, Salt 
Lake City; W. S. Zehrung, The Penn- 
zoil Company, Oil City, and P. W. Zum- 
brook, Sincliar Refining Company, Chi- 
cago. 


Imperial Will Build 
Fluid Catalytic Unit 


Imperial Oil Company, Ltd. will have 
the first catalytic cracking unit in Can- 
ada with the completion of a building 
program, due to start this spring. This 
unit and other facilities will, be at Mont- 
real East and they will give this plant 
daily throughput of 27,400 barrels daily. 

In addition, the expansion program 
calls for addition of a catalytic poly- 
merization unit of 4200 barrels daily 
capacity as well as the remodeling of ex- 
isting equipment. More than a half mil- 
lion barrels of storage space will. be in- 
cluded. 

The announcement through Standard 
Oil Company (New Jersey) was that 
“improvements ultimately will involve 
expenditures of several million dollars 
but the actual amount is subject to en- 
gineering designs and estimates which 
are being developed.” 
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Changing conditions within its phase 
of the petroleum industry will be the 
theme of the program for the annual 
meeting of the Natural Gasoline Asso- 
ciation of America, Dallas, April 17, 18 
and 19. This convention will be a cele- 
bration of the twenty-fifth anniversary 
of the association, an event delayed a 
year because of postponement of the 
meeting last year. All sessions will be in 
the Baker Hotel. 

In commenting on plans for the meet- 
ing, J. H. Dunn, president, said: 

“The association is to celebrate its 
twenty-fifth anniversary at a time when 
the industry is passing from its tradi- 
tional one-product phase into one of 
broadly expanding operations in which 
it will probably meet demands for 
many products. Both the natural gaso- 
line and cycling industries are in envi- 
able positions today with respect to 
motor-fuel and chemical-raw-material 
markets. Their modern plants have an 
efficiency of fractionation permitting the 
maximum extraction of valuable hydro- 
carbons either as pure products or in 
many desired blender combinations. 

“This war stimulated modernization, 
the introduction of new processes and 
the potentialities of the changed opera- 
tions need to be studied and correlated 
and that is to be the theme: of this 
convention.” 





PAUL M. RAIGORODSKY 


Paul M. Raigorodsky, vice president 
of Glen Rose Gasoline Company, Hous- 
ton, is chairman of the program com- 
mittee. Other members are John B. 
Atkins, The Parade Company, Shreve- 
port; H. W. Manley, Barnsdall Oil 
Corporation, Tulsa; Frank Matheny, 
Phillips Petroleum Company, Bartles- 
ville; I. Earl Nutter, Habb, Harrington 
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Natural Gasoline Association Program 
To Consider Changing Conditions 


and Marsh, Amarillo; Robert T. Wilson, 
La Gloria Corporation, Corpus Christi, 
and W. E. Win, Sun Oil Company, 
Dallas. 

The annual meeting of the Natural 
Gasoline Supply Men’s Association will 
be held during the meeting of the 
NGAA. In addition the organization- of 
equipment manufacturers and distribu- 
tors will have a part in the convention 
program by taking charge of luncheons 
and other entertainment. Its activities 
will be incorporated into the convention 
program, 

Activities of the Natural Gasoline 
Supply Men’s Association in providing 
assistance for the gasoline convention 
will be enlarged this year through the 
activities of six sub-committees, which 
have replaced a general convention com- 
mittee. The six sub-committees named 





A. M. BUXTON 


by A. M. Buxton, association president, 
are: 

Registration: V. C. Canter, Jones & 
Laughlin Supply Company, chairman; 
D. E. Fields, Tulsa Boiler & Machine 
Company; H. D. McLean, J. B. Beaird 
Company; B. B. Manuel, W. H. Curtin 
Company; W. Woobank, Woobank 
Pump & Supply Company. 

Refreshments: Roy Bush, Merco 
Nordstrom Valve Company, chairman; 
Frank P. Elizardi, A. M. Lockett Com- 
pany; L. D. McKay, Union Steam Pump 
Company; J. N. McClure, Elliott Com- 
pany, and E. P. Shelton, Chicago Bridge 
& Iron Company. 

Services: F, J. Wetzel, Ingersoll-Rand 
Company, chairman; Max E. Landry, 
Bruce-McBeth Engine Company; Joe L. 
Massie, Henry Vogt Machine Company, 
and Duman Perry, Perry Equipment 
Company. 





Buffet: H. W. Wahl, Westcott & 
Greis, chairman; R. E. Walker, Armco 
Drainage & Metal Products, Inc.; M. A. 
Ellsworth, Fluor Corporation, and Dal- 
las S. Deems, American Air Filter Com- 
pany. 

Entertainment: Harvey Cotton, Max- 
im Silencer Company, chairman; M. W. 
Conn, Phillips Company; John Heinzer- 
ling and A. J. Mueller, Continental Sup- 
ply Company. 

Special Events: A. M. Buxton, Coop- 
er Bessemer Corporation, chairman; 
J. H. Satterwhite, Westcott & Greis, 
Inc.; M. D. Gilbert, Pittsburgh Equit- 
able Meter Company; Grady Triplett, 
Petroleum Refiner; and E. H. Triphaus, 
Taylor Instrument Company. 


Socony-Vacuum Expanding 
Laboratory Facilities 


Socony-Vacuum Oil Company will ex- 
pand its facilities at Paulsboro, New 
Jersey, to permit further investigation 
in petroleum chemistry as well as into 
all aspects of motor power. A chemistry 
building, a physics building and a pilot 
plant for lubricating oils are part of the 
project. The announcement added: 

“A section of the physics laboratory 
will be turned over to exploratory work 
in the use of nuclear energy and elec- 
tronic devices to determine the extent 
to which the oil industry will figure in 
this field.” 

The company will maintain its tech- 
nical service laboratories in Brooklyn, 
permitting all additions at Paulsboro to 
be devoted to research and development. 
The announcement, released by Wilbur 
F. Burt, vice president in charge of 
manufacturing, further explained: 

“The chemistry building will be the 
center of research in the rapidly expand- 
ing field of petroleum chemistry and 
fundamental research on fuels and lubri- 
cants. Other fields in which research will 
be expanded will be in gas turbines, air- 
plane, automotive, diesel and marine 
engines. 

“The lubricating-oil pilot plant will 
serve as a guide for the construction of 
several new full-size plants to be built 
in the refineries in the near future. This 
unit will have the latest in refining tech- 
niques and equipment such as distilla- 
tion, solvent refining and dewaxing 
processes and will be constructed to 
accelerate many wartime developments 
in lubricating oils. 

“Work on gas turbines will be ex- 
panded as part of the company’s re- 
search in developing fuels and lubri- 
cants for aircraft and in recognition of 
the rapidly increasing use of gas tur- 
bines in general. More space will be 
available for engines of several makes 
which are used almost daily for research 
in the development of more efficient 
motor gasolines and lubricating oil. 
Similar work will be expanded in air- 
craft engines and in marine motors. 

The Research and Development Lab- 
oratories of Socony-Vacuum Oil Com- 
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pany employ nearly 800 persons. The 
director of the laboratories is William 
M. Holaday, whose headquarters are at 
26 Broadway, New York, and the re- 
search director of the Paulsboro labora- 
tories is Paul V. Keyser, Jr. 


Socony-Vacuum Company 
Advances S. D. Dalton 


Swanton D. Dalton has been advanced 
to chief engineer of the refinery engi- 
neering division of Socony-Vacuum 6il 
Company. He succeeds George S. Dun- 
ham who will represent the company’s 
midwestern refineries on the manufac- 
turing committee of which he is a 
member. 

Dalton has been assistant chief engi- 
neer and chief engineer of the process 
engineering section of the division. He 
was graduated from Stanford Univer- 
sity, B.S. in chemistry, in 1931, and re- 
ceived a master’s degree at Massa- 
chusetts Institute of Technology in 1932. 
His first connection was with General 
Petroleum Corporation and he has been 
a member of the refinery engineering 
division of the parent organization since 
1940. 


Arveson Moved to Chemical 
Post by Indiana Standard 


M. H. Arveson has been appointed 
senior technologist in the chemical prod- 
ucts department of Standard Oil Com- 
pany (Indiana). The department has 
the function of studying the market for 
chemical materials developed or to be 
developed from petroleum, and of mar- 
keting these products. 

Arveson has been with the company 
since 1927, first as a research chemist 
and group leader at Whiting refinery 
laboratories, and later as a member of 
the development and patent department. 
He has been active in local and national 
scientific groups and was manager of the 
National Chemical Exposition in Chi- 


cago in 1944. He is the present chairman 
of the Chicago section of American 
Chemical Society. 

Dr. E. L. D’Ouville, formerly a mem- 
ber of the research department, has re- 
turned to Standard Oil Company (Indi- 
ana) after several years with Mellon 
Institute, and will take over Arveson’s 
duties in the development and patent 
department. 


Promotions Announced 
By General Petroleum 


Gale L. Adams has been appointed as- 
sistant manager of manufacturing for 
General Petroleum Corporation, suc- 
ceeding S. Magruder who some 
weeks ago was elected a director of the 
corporation and manager of manufac- 
turing. J. A. Boege has succeeded Adams 
as manager of laboratories. H. S. Dono- 
van has been appointed superintendent 
of the new northern division of the gas 
department. 

Adams, whose first employment with 
the company was as a chemist at Ver- 
non, California, had become process 
engineer before he was promoted to 
manager of laboratories at Los Angeles 
early in 1945. Boege did graduate work 
in chemistry at University of California 
before joining General Petroleum Cor- 
poration at Torrance in 1930, and after 
several assignments on the chemical 
staff became superintendent of the lab- 
oratories in 1945. Donovan has been 
with the company since 1920, and has 
been plant foreman at Lebec refinery 
since 1931. 


German Isoparaffin Report 
Available in Washington 


An eight-page report on research work 
by Kaiser Wilhelm Institute, directed 
primarily along the lines of isoparaffin 
synthesis, has been made available by 
the Department of Commerce, and can 
be secured from the department’s Office 
ot the Publication Board, Washington, 
for 10 cents. 

The report is one of a series cover- 
ing German wartime research on_ the 
Fischer-Tropsch process. 





M. H. ARVESON 


DR. E. L. D'OUVILLE 


Finney Made Vice President 
Standard of California 


C. E. Finney, Jr., has been elected a 
vice president of Standard Oil Company 
of California. He has been assistant vice 
president for manufacturing for the last 
year. He will be concerned with indust- 
trial relations matters in his new posi- 
tion, 

A graduate of Cornell University, Fin- 
ney joined the Company in 1919 at 
Richmond refinery, and soon rose to 
pressure still foreman. In 1931 he be- 
came manager of the El Paso refinery 
of Standard Oil Company of Texas, a 
subsidiary, and a year and a half later 
was made manager at Richmond. Three 
years ago he became general. manager 
of the manufacturing department. 

Two other new appointments in the 
Company’s manufacturing department 
are G. H. Langsdorf as manager of 
technical services, and O. N. Miller, as- 
sistant to G. A. Davidson, vice president 
in charge of manufacturing. Miller for- 
merly was superintendent of the crack- 
ing division at El Segundo refinery. 


Mid-Continent Association 
Elects Porter President 


F. M. Porter of Fain-Porter Drilling 
Company, Oklahoma City, has been 
elected president of Mid-Continent Oil 
& Gas Association, succeeding J. C. 
Hunter, deceased. Porter was first vice 
president and as such has been succeed- 
ed by Jake L. Hamon. H. E. Zoller, 
Derby Oil Company, Wichita, was elect- 
ed vice president for Kansas, and A. H. 
Weyland, Arkansas-Louisiana Gas Com- 
pany, Shreveport, vice president for 
Louisiana-Arkansas. All other officers 
were reelected. 


Western Reserve Lectures 
Include Oil Refining Subjects 


Subjects of especial interest. in re- 
fining will make up a part of the series 
of lectures, “Frontiers in Chemistry,” 
which will start March 1 at Western 
Reserve University, Cleveland. This will 
be the fifth annual series and 12 out- 
standing scientists will be heard on sub- 
jects within the fields of catalysis and 
high polymers. Speakers, dates and their 
subjects are: 

Professor Hugh S. Tavlor, Princeton 
University, March 1, “The Catalytic 
Surface and the Kinetics of Catalytic 
Reactions.” 

Otto Beeck, associated director, Shell 
Development Company, March 8, “Some 
Fundamental Aspects of Metal Catalysts.” 

V. I. Komarewsky, Illinois Institute 
of Technology, March 15, subject to be 
announced. 

Professor Charles C. Price, Notre 
Dame University, March 22, “Catalysis 
in Polymerization — Structural Factors 
Affecting Polymerization. 

Ludo K. Frevel, Dow Chemical Com- 
pany, March 29, “X-Ray Analysis of 
Catalysts.” 

E. V. Murphree, vice president, Stand- 
ard Oil Development Company, April 5, 
“Fluid Catalytic Cracking.” 

Professor Hermann H. Mark, Poly- 
technic Institute of Brooklyn, April 19, 
“Recent Progress in Polymer Chemistry.” 

M. L. Huggins, Eastman Kodak 
Company, April 26, “Structures and 
Properties of High Polymers.” 

W. O. Baker, Bell Telephone Labora- 
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tories, May 3, “Principles and Structure 
Within and Among Polymer Chains.” 

Eugene Rochow, General Electric 
Company, May 10, “The Chemistry of 
Silicone Polymers.” 

Waldo L. Semon, The B. F. Goodrich 
Company, May 24, “Synthetic Rubber 
ftom Theory to Practice.” 

Theodore F. Bradley, May 24, “Recent 
Progress in the Chemistry and Tech- 
nology of Drying Oils.” 


Bureau of Mines Contracts 
Erection of Hydrogen Plant 


The Girdler Corporation, Louisville, 
Kentucky, has been awarded contract 
for designing and erecting a plant for 
production of hydrogen and synthesis 
gases for the synthetic liquid fuels lab- 
oratory being built by the Bureau of 
Mines at Bruceton, Pennsylvania. Spec- 
ifications call for a maximum capacity of 
110,000 cubic feet of hydrogen and 120,- 
000 cubic feet of synthesis gas daily. 


Sub-Zero Aircraft 
Starting Gasoline 


Company is now market- 
cold-starting fuel for air- 


The Texas 
ing a special 


craft motors. It is designed for taking 
the place of regular fuel-for perhaps 
twe minutes, after which regular fuel 


takes over. Its use and advantages have 
been explained in a news release, part 
of which follows: 

“The fuel is used in regular aviation 
carburetor and priming systems. A por- 
table external tank or bottle is attached 
to regular fuel lines, shutting off the 
main fuel lines and allowing the special 
fuel to flow for about two minutes. After 
the engine is warmed up, the portable 
tank may be disconnected and the en- 
gine then draws its fuel from the regular 
gasoline tanks. The cold-starting fuel is 
liquid at all atmospheric: temperatures 
and can be shipped in standard con- 
tainers. 





Demonstration setup of The Texas Company’s 

starting fuel for aircraft operating in subzero 

temperatures. Designed for permanent installa- 

tion, the unit is here removed from within the 
nacelle for demonctration. 







160 


Parker Chief Engineer 
For California Standard 


Raymond W. Parker has been ap- 
pointed chief engineer of Standard Oil 
Company of California’s manufacturing 
department. 

Parker, a graduate in engineering from 
the University of British Columbia, 
started in the engineering department 
at the company’s El Segundo refinery 
and progressed through posts of increas- 
ing importance, both at E] Segundo and 
Richmond refineries. In 1943 he became 
assistant chief engineer in the manufac- 
turing department’s San Francisco head- 
quarters, and during the war handled 
the engineering phase of refinery con- 
struction projects for the manufacturing 
department. 


AGA Gas Reserve 
Committee Selected 


Reserves of natural gas will be esti- 
mated by committees of the American 
Gas Association and made available to 
the public as well as to the industry. The 
program of calculating reserves was set 
forth last month by N. C. McGowen, 
United Gas Pipe Line Company, Shreve- 
port, and chairman of NGA committee 
on natural gas reserves. 

At the organization meeting of this 
committee, he named regional sub-com- 
mittee chairmen, who in turn will select 
members of their committees. It is hoped 
to have the first report ready for the an- 
nual meeting of the American Gas Asso- 
ciation in Atlantic City in October. 
Thereafter it is the plan to have revi- 
sions for each spring meeting of the 
Natural Gas Department of the associa- 
tion. 

The chairmen of regional sub-commit- 
tees are: Region 1, Kentucky, New 
York, Ohio, Pennsylvania, Tennessee, 
Virginia and West Virginia, Ernest E. 
Roth, United Fuel Gas Company, 
Charleston, West Virginia; Region 2, 
Illinois, Indiana, Kansas, Michigan, Mis- 
souri, North Dakota, Oklahoma and 
South Dakota, Charles O. Hoffman, 
Cities Service Gas Company, Oklahoma 
City; Region 3, Arkansas, Florida, Lou- 
isiana, Mississippi, New Mexico and 
Texas, Perry Olcott, Humble Oil & Re- 
fining Company, Houston; R. O. Gar- 
rett, Arkansas Louisiana Gas Company, 
Shreveport, and Paul C. White, West 
Gas Producing Company, New York, as 
co-chairmen to form the committee; Re- 
gion 4, Colorado, Montana, Utah and 
Wyoming, W. T. Nightingale, Mountain 
Fuel Supply Company, Rock Springs, 
Wyoming; Region 5, California, Roy M. 
Bauer, Southern California Gas Com- 
pany, Los Angeles. 


Kansas Offers Home Study 
Course on Natural Gas 


For some years the University of 
Kansas, Lawrence, Kansas, has been 
conducting a Home Study Course on 
Natural Gas, primarily for persons en- 
gaged in the industry who wish to 
extend their knowledge while actively 
employed. It is especially helpful to 
men whose opportunities have been 
limited, but it covers the fundamentals 
of the various phases of the industry to 
such an extent that it has proved valu- 
able to executives. Its subject matter 
covers the whole field of natural-gas 
operations. 

This course was proposed by .the 
American Gas Association fifteen years 









ago, and University of Kansas was 
asked to prepare a text and to corfduct 
a course through its extension division. 
The text was published in 1934 and the 
course has been in operation since under 
supervision of Professor C. M. Young. 
The material of the text was reviewed 
and criticized by an advisory committee 
of the AGA. Supplements are prepared 
from time to time and sent to those who 
have completed the work as well as 
those currently engaged in it. This 
course deals with the physical aspects of 
the industry, and consists of 27 assign- 
ments, followed by questions to be 
answered. Students submit lesson re- 
ports as rapidly as they wish. The course 
may be completed in five months, but 
the majority of students require the 
greater part of two years. 

Cost to employes of member of com- 
panies of American Gas Association, as 
well as to all residents of Kansas is 
$54.00; for others, $72.00 in advance, or 
$74.50 on a time-payment plan. 

Enrollments are accepted at any time. 
Application blanks and further informa- 
tion may be had from the University 
Extension Division, University of Kan- 
sas, Lawrence, Kansas, or American Gas 
Association, 420 Lexington Avenue, New 
York 17. 


Carney Takes Executive 
Position With Shamrock 


B. R. Carney has accepted the posi- 
tion of special assistant to the president 
of Shemrock Oil & Gas Corporation, 
Amarillo, Texas. Announcement of the 
appointment by J. H. Dunn, president, 
observed further that the company plans 
expansion of its gas sales and manufac- 
ture of liquefied petroleum gas. Carney 
has been consulting chemical engineer 
for the company since July 1, 1945. 

Carney’s education included study of 
chemical engineering at Notre Dame 
and Columbia Universities and geology 
at Tulsa University. Employed by Shell 
Oil Company in 1926, he was chief tech- 
nologist at that company’s East Chicago 
refinery, staff technologist in the New 


B. R. CARNEY 
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@ At Procter & Gamble, uniform 
high standards must be rigidly ad- 
hered to... and it is not surprising 
that Palmer Thermometers have 
been selected to help maintain such high 
standards in their “Crisco.” 
@ Palmer Thermometers were selected be- 
cause of their extreme accuracy and their 


‘patented easy-to-read mercury column. Pal- 


mer Thermometers are ruggedly constructed, 
too, for long, dependable service. 

@ To assist your engineers in improving the 
quality of your products, give them the 
advantage of reliable Palmer Thermometers. 
Write for Catalog No. 200. 
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York office, and thanager of the natural 
gas and gasoline division in the Mid- 
Continent, with headquarters at Tulsa. 
He resigned the latter position last 
spring. Previous to his employment with 
Shell Oil Company he was for five years 
with a manufactured gas utility in In- 
diana. 

Carney is chairman of the American 
Petroleum  Institute’s committee on 
measuring, sampling and testihg natural 
gasoline, and at various times has been 
on other technical committees of that 
organization. He formerly was active in 
technical committee work with the So- 
ciety of Automotive Engineers and the 
American Society for Testing Materials. 


Bovay Opens Office as 
Engineering Consultant 


H. E. Bovay, Jr., has opened offices 
in the Esperson Building, Houston, as 
consultant in civil and mechanical engi- 
neering, to specialize as adviser and in 
preparation of estimates, economic sur- 
veys, and specifications and contracts 
for buildings, structures’ and industrial 
plants. 

Until his resignation on January 1, 
Bovay was for eight years mechanical 
engineer with Humble Oil & Refining 


' Company at Baytown refinery. During 


1943 he was on loan to PAW as senior 


| materials analyst, at Washington, and set 
| up a uniform system for handling proj- 


ects in petroleum construction under AI- 
lied Nations control, and prepared a 


| manual for checking materials, equip- 


ment and type of construction. He also 
was executive secretary of the PAW fa- 
cilities review committee, and was a 
member of the general industrial equip- 
ment requirements committee of WPB 

Bovay is a civil engineering graduate 
of Corneil University, and is an associate 


| member of the American Society of 


Civil Engineers. He worked with several 
contractors before his connection with 
Humble Oil & Refining Company. 


H. E. BOVAY, JR. 
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U.S.P. 2,372,505. Alkylation of Aromatic 
Hydrocarbons. C. B. Linn to Uni- 
versal Oil Products Company. 


Olefins present in a mixture of olefins 
and paraffins are converted to alkyl 
fluorides by reacting them with an ex- 
cess of hydrogen fluoride. Alkyl fluo- 
rides and HF are removed as a solution 
from the paraffins and commongled with 
an aromatic hydrocarbon under alkylat- 
ing conditions to form alkylated aro- 
matics. 


U.S.P. 2,373,030. Production of Ethyl- 
benzene. C. N. Kimberlin to Standard 
Oil Development Company. 


Ethylene and benzene are reacted at 
140-200° F. in the presence of a catalyst 
consisting of aluminum chloride and hy- 
drogen chloride, the amount of hydro- 
gen chloride ranging from 20-100 mol 
percent based on ethylene feed. 


U.S.P. 2,373,062. Production of Ethyl- 
Benzene. E. E. Stahly to Standard Oil 
Development Company. 


Ethylene and benzene are alkylated in 
a first stage in the presence of a Friedel- 
Crafts type catalyst. The poly-ethyl ben- 
zene formed is separated from mono- 
ethyl benzene, blended with benzene and 
treated at 160° F. with an aluminum 
chloride catalyst, converting about 60 
percent of poly-ethyl benzene to mono- 
ethyl benzene. 


U.S.P. 2,373,580. Alkylation of Aromatic 
Hydrocarbons. C. B. Linn to Uni- 
versal Oil Products Company. 


Ethyl benzene is produced by subject- 
ing a molal excess of benzene to treat- 
ment with ethyl fluoride in the presence 
of hydrogen fluoride at —10 to 75° C. 
under sufficient pressure to maintain 
liquid phase. The product is separated 
and the unconverted components are 
recycled. 


U.S.P. 2,373,612. Manufacture of Motor 
Fuels. L. G. Story to The Texas 
Company. 

The deterioration of catalysts used in 
the alkylation of an excess of i-paraffin 
with olefin at —10° to 100° C. is re- 
tarded by carrying out the reaction in a 
hydrogen atmosphere of from 50-3000 
psi pressure. 


U.S.P. 2,373,999. Catalytic Alkylation. 
P. D. Caesar and A. N. Sachanen to 
Socony-Vacuum Oil Company. 


Outstanding activity of aluminum 
chloride alkylation catalysts, resulting in 
high yields of alkylate when employing 
amounts of catalyst as small as 1 per- 
cent is obtained by conducting the re- 
action of iso-paraffins with olefins at a 
temperature above about 50-60° C. and, 
if reaction in liquid phase is desired, 
below the critical temperature of the iso- 
paraffin and olefin mixture. This method 
ot operation also inhibits side reactions. 
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U.S.P. 2,374,262. Hydrocarbon Conver- 
sion. J. A. Anderson to Standard Oil 
Company (Indiana). 

A process for the production of high- 
octane-number fuels which comprises 
contacting isoparaffinic and olefinic hy- 
drocarbons in a first reactor in the pres- 
ence of sulfuric acid having a titratable 
acidity within the approximate range of 
80 to 98 percent under alkylation condi- 
tions, maintaining said sulfuric acid sub- 
stantially SO.-free, contacting iso-paraf- 
finic and olefinic hydrocarbons in a 
second reactor in the presence of sul- 
furic acid having a titratable acidity 
within the approximate range of 98 to 
106 percent and ‘containing SO; in an 
amount within the approximate range of 
about 0.1 to about .5 percent under 
alkylation conditions, recovering alkylate 
from each of said reactors, withdrawing 
spent acid from said second reactor, 
removing SO, from said withdrawn acid, 
and directing said SO,.-free acid from 
said second reactor to said first reactor. 


U.S.P. 2,374,600. Alkylation of Aro- 
matic Hydrocarbons. V. N. Ipatieff 
and L. Schmerling to Universal Oil 
Products Company. 

Ethylene and a molal excess of ben- 
zene are introduced into the inlet of an 
alkylation zone containing an alkylation 
and a dehydrating catalyst. Ethyl alco- 
hol is introduced at an intermediate 
point of the reaction zone.’ The reaction 
mixture is fractionated and unconverted 
benzene containing dissolved ethylene is 
recycled. The catalyst employed is solid 
phosphoric acid and suitable reaction 
conditions are 500-575° F. and 600-900 
pst pressure. 


U.S.P. 2,374,819. Alkylation of Hydro- 
carbons. E. R. Kanhofer and B. M. 
Becker to Universal Oil Products 
Company. 

The invention describes the recovery 
of HF from an alkylation process by 
absorbing the HF from the hydrocar- 
bons, subsequently desorbing the HF by 
contacting with the unconverted iso- 
paraffin prior to recycling. 


U.S.P. 2,375,041. Alkylation of Aromatic 
Hydrocarbons. L. Schmerling and V. 
N. Ipatieff to Universal Oil Products 
Company. 

Aromatic and olefinic hydrocarbons 
are subjected to contact under alkyla- 
tion conditions in the presence of a 
catalyst containing as active ingredient 
a material formed by calcining cupric 
orthophosphate. Reaction temperatures 
of 200-400° C. and pressure up to 100 


atmospheres are employed. 


U.S.P. 2,375,637. Alkylation. Carleton 
Ellis to Standard Oil Development 
Company. 

Iso-paraffins and olefins are alkylated 
at a temperature below 70° C. but above 
the solidification point of the mixture in 
the presence of a sulfuric acid catalyst 


containing as a promoter small amounts 
of elemental sulfur. 


U.S.P. 2,375,867. Alkylation of Iso- 
paraffins. R. J. Newman to Universal 
Oil Products Company. 

Iso-butane is alkylated with amylene 
to form alkylated iso-butane and iso- 
pentane. The iso-pentane is separated 
and alkylated with propylene in the 
presence of HF at 75-150° F. using a 
molar ratio of from 5:1 to 20:1. A sub- 
stantial amount of recycle iso-butane is 
produced along with alkylated iso- 
pentane. 


U.S.P. 2,376,088. Method of Treating 
Friedel-Crafts Liquors. H. A. Robin- 
son to The Dow Chemical Company 
A dispersed organo-metal halide cata- 

lyst may be effectively removed from a 
Friedel-Crafts alkylation liquor without 
at the same time removing the hydrogen 
halide dissolved therein by treating the 
liquor with a controlled small propor- 
tion of ammonia under anhydrous con- 
ditions. 


U.S.P. 2,376,119. Process for the Alkyla- 
tion of Aromatic Compounds. F. H. 
Bruner, L. A. Clarke and R. L. 
Sawyer to The Texas Company. 
Aromatic hydrocarbons are alkylated 

with liquefied normally gaseous olefins 

with high yields of mono-alkylated 
products and little olefin polymerization 
by employing a catalyst comprising es- 
sentially BF; and water. The BF;-to- 
water ratio is about 1:1.5 and the re- 
action temperature varies from /75- 
125° F. 


U.S.P. 2,376,472. Production of Hydro- 
carbon Fuels. W. E. Bradley to Union 
Oil Company of California. 

In producing a gasoline by an alkyla- 
tion process, a material of desired vola- 
tility can be directly prepared by em- 
ploying olefin.and iso-paraffin fractions 
that contain a quantity of relatively 
unreactive hydrocarbons having 5 to 6 
and eventually more carbon atoms. 


U.S.P. 2,376,508. Catalysis. A. N. Saclia- 
nen and D. Caesar to Socony- 
Vacuum Oil Company. 

The alkylation of paraffin hydrocar- 
bons with olefin is carried out in the 
presence of an aluminum chloride cata- 
lyst and of trichloracetic acid, constitut- 
ing about 30 percent by weight of the 
catalyst. Lower temperatures used tend 
to eliminate side reactions. 


U.S.P. 2,378,040. Process for the Alkyla- 
tion of Hydrocarbons. W. A. Schulze 
to. Phillips Petroleum Company. 

An alkylation reaction is conducted 
with improved control of reaction condi- 
tions and of alkylate compositions by 
introducing a mixture of catalyst and 
liquid isoparaffin or other alkylatable 
hydrocarbons at the top end of a verti- 
cally placed reaction zone to travel con- 
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The upstream or downstream 
pressure in a line can be con- 
trolled automatically by an R-S 
Butterfly Valve, equipped with an 
air diaphragm, oil or hydraulic 
positioner cylinder attached to 
the valve. If the line pressure de- 
creases, the valve vane slowly 
clases until the predetermined 
line pressure has been reached, at 
which time the vane automatically 
reopens. 


















No. 501 


125-pound American Standard 
R-S Valve equipped with de- 
clutching unit (patent applied 
for) which permits operation 
of the valve with the hand 
wheel. Only four to six revolu- 
tions of the hand wheel are re- 
quired for complete opening 
or closure. The dotted lines 
indicate the piping necessary 
to maintain a constant upstream pressure. 








The use of an R-S Butterfly 
Valve as a main control valve pro- 
vides unexcelled flow character- 
istics, simplifies performance, pre- 
vents water hammer and reduces 


maintenance. Operates for pres- 
sures between absolute and 900 


pounds gauge. 
Write for Catalog No. 14-B. 



















120 Berkley Street . 















VALVE DIVISION 


R-S PRODUCTS CORPORATION 


Philadelphia 44, Pa. 


BUTTERFLY VALVES 














currently and in a state of intimate con- 
tact to the bottom end of said zone. At 
an intermediate point a stream of gaseous 
olefin-containing alkylating agent is in- 
troduced which flows countercurrent to 
the said liquid hydrocarbon stream. Said 
olefin-containing gas, if incompletely re- 
acted and/or dissolved by the incoming 
liquid hydrocarbon may exist at a point 
above the point of introduction of the 
liquid hydrocarbon. In addition, there 
is added to the reaction zone at a point 
below the olefin-injection port a stream 
of substantially inert stripping gas which 
likewise passes countercurrent to the de- 
scending liquid mixture and through the 
reaction zone to the gas exit line above 
the point of introduction of the hydro- 
carbon liquid. The liquid effluent from 
the reaction zone passes to a separating 
zone for settling and removal of any 
catalyst from the hydrocarbon stream. 
The catalyst is returned to the top of the 
reactor or may pass first through a 
scrubber where it contacts gases leaving 
the top of the reaction zone. The hydro- 
carbon product is fractionated to sepa- 
rate low-boiling hydrocarbons compris- 
ing unreacted feed stock which are 
recycled to the’ reaction zone. 


U.S.P. 2,378,439. Hydrocarbon Synthesis. 
C. H. Schlesman to Socony-Vacuum 
Oil Company. 

In the process of reacting iso-paraffins 
and olefins in the presence of HF, the 
improvement is claimed which com- 
prises maintaining a reaction zone at a 
temperature of about 50-100° F., intro- 
ducing liquid HF to the upper part of 
the zone as a spray, withdrawing liquid 
HF from the bottom of the zone, intro- 
ducing a mixture of olefins and _ iso- 
paraffins to the lower part of the zone 
as vapor at a temperature at least about 
100° F. greater than the temperature in 
said zone and passing the vapor up- 
wardly through the zone in intimate 
contact with HF, withdrawing hydro- 
carbon product from the bottom of the 
zone and withdrawing unreacted hydro- 
carbons from the top of the zone. 


U.S.P. 2,378,636. HF Alkylation Process. 
J. O. Iverson to Universal Oil Pro- 
ucts Company. 

An iso-paraffin is reacted with a 
propylene-containing fraction in the 
presence of HF. Propane and dissolved 
HF are separated from the hydrocarbon 
products, the separated propane is with- 
drawn from the system and the sepa- 
rated HF is returned to the alkylation 
step. 


U.S.P. 2,379,368. Hydrocarbon Alkyla- 
tion Process. M. P. Matuszak to Phil- 
lips Petroleum Company. 

The invention comprises means 
whereby at least one of two or more 
fluids is introduced into a mixing zone 
through one or more openings that are 
in continuous motion with respect to the 
mobile contents of the zone, the open- 
ings being preferably so located in mov- 
ing devices for imparting vigorous turbu- 
lent and/or circulatory motion to the 
contents of the zone that relative move- 
ment of the contents of the zone past 
the openings occurs at relatively high 
velocity. 





U.S.P. 2,381,041. Production of Satu- 
rated Hydrocarbons. J. J. de Jong to 
Shell Development Company. 
Olefins are contacted with sulfuric 

acid of 90-100 percent concentration in 
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WALWORTH Valves and Fittings 
we FRANKLIN sevective PROCUREMENT SERVICE 


There’s a simple, direct, complete answer to getting the right valves 
and fittings for any piping need—the trusted name WALWORTH. 
It identifies a complete line of correctly engineered products whose 








design and construction are dictated by practical oil country experience. 
There’s an equally good way—simple, direct, complete—to simplify 
your basic buying problem; Franklin Selective Procurement Service. 
Used as an integrated part of your purchasing procedure, it is an 
effective means of getting what you want, when you want it. 
A good idea—try Franklin. 





FRANKLIN SUPPLY COMPANY 


600 SOUTH MICHIGAN AVENUE, CHICAGO 5, ILLINOIS 
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THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


monia is one of 






Send for your free copy of the booklet 
Barrett Standard Anhydrous Ammonia. 








the proportion of two mols of olefin per 
mol of acid under conditions at which a 


| dialkyl sulfate is formed. The dialkyl 


sulfate is contacted with a dispersed 
mixture of an iso-paraffin and sulfuric 
acid of 90-100 percent concentration. A 
ratio of at least 3 mols iso-paraffin and 
1.5 mols sulfuric acid per mol dialkyl 
sulfate is maintained. Reaction takes 
place at —10 to 40° C. . 


U.S.P. 2,381,175. Production of Alkyl 
Aromatic Hydrocarbons. W. J. Mat- 
tox to Universal Oil Products Com- 
pany. 

Alkyl benzenes are produced by con- 
tacting benzene in a first absorption 
step with gases containing olefins. Efflu- 
ent unabsorbed gases are passed to a 
second absorption step. Benzene con- 
taining dissolved olefins is alkylated in 
an alkylation zone and the products are 
separated. Low-boiling alkyl benzene is 
recovered. Unconverted benzene is re- 
cycled to the first zone. Unreacted light 
gases along with effluent gases from the 
first zone are supplied to the second 
zone and there contacted with higher- 


| boiling alkyl benzenes. 


| peratures not far below 


U.S.P. 2,381,256. Process for Treating 
Hydrocarbon Fractions. J. R. Cal- 
laway to The Texas Company. 
Alkylation reaction products, free 

from alkylation catalyst, are subjected to 

contact with a clay-type catalyst at tem- 
the cracking 


| temperature range (650-850° F.). Mer- 
| captans and sulfur compounds are de- 


composed, the unsaturated hydrocarbon 
content of low-quality alkylates is re- 
duced and inorganic acid esters are re- 
moved. Isomerization and depolymeriza- 
tion also occur. 


U.S.P. 2,382,067. Alkylation. L. Kniel to 

The Lummus Company. 

A butane-butene feed containing iso- 
butane and butenes and also containing 
propane unavoidably admixed therewith 
is passed to an alkylation zone wherein 
the isobutane, maintained in excess of 
that required to react with the butenes, 
is alkylated with the butenes in the pres- 
ence of concentrated sulfuric acid to 
form high anti-knock hydrocarbons boil- 
ing within the range of gasoline. The re- 
sulting alkylate product is separated 
from the acid and is neutralized, and 
the excess isobutane and lower boiling 
hydrocarbons including propane are 
separated as overhead from the alkylate, 
from which the desired gasoline fraction 
is recovered. The isobutane overhead is 
subjected to a progressive partial con- 
densation to form a plurality of partial 
condensates consisting primarily of the 
isobutane to be recycled and a final 
condensate containing propane in a 
greater concentration than the isobutane 
overhead whereby the propane is con- 
centrated in a stream of relatively small 
volume at a point in the alkylation sys- 


| tem where it can be most readily elimi- 


nated therefrom by fractionation. The 


| isobutane contained in the final conden- 


sate is recovered and is recycled to the 
alkylation zone. 


U.S.P. 2,382,260. Treatment of Aromatic 
Compounds. R. E. Schaad to Uni- 
versal Oil Products Company. 
Alkenyl aromatic compounds are pro- 

duced by subjecting a mixture of a di- 

olefinic hydrocarbon and an aromatic 

compound to contact with a composite 
of zine chloride and a substantially inert 
carrier. Proportions of 5-50 percent 
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The explanation of this lies primarily 
in the fact that the thermal conduc- 
tivity of CARBOFRAX checkers 
is about 11 times that of fireclay. 
This higher conductivity speeds the 
heating period, for the heat flows to 
the interior of the brick more rapidly. 
Thus, the temperature difference be- 
tween the interior and surfaces of the 
checkers is minimized, giving faster 
heat absorption. 


On reversal a CARBOFRAX checker 
will, under certain circumstances, de- 
liver 90% of its available stored heat 
as compared to less than 40% from 
a fireclay brick of the same size. This 
greater rate of heat release is made 
possible by the rapid heat flow from 
the interior of the CARBOFRAX 


brick to its surfaces. Fireclay brick, 


on the other hand, transmit only the 
heat in their surface layers because of 
their high thermal resistance. 


In addition, CARBOFRAX thin 
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UPER REFRACTORIES 


BY CARB 





checker brick are admirably suited, for 
instance, to withstand frequent rever- 
sals as well as contact with hot hydro- 
carbon gases without disintegration. 


* ” * 


There is this important limitation 
to getting the tremendously increased 
speed and capacity that’s possible 
with CARBOFRAX checkers. The 


whole regenerator system must be 
designed to take advantage of them. 


* * * 


And so we make this suggestion—a 
member of our technically qualified 
staff will be glad to discuss your entire 
heat exchange problem with you. Cer- 
tain companies have found that the 
time invested in such discussion has 
paid a handsome dividend. A letter 
will bring prompt action. Just write 
Dept. F-26, The Carborundum Com- 
pany, Refractories Division, Perth 
Amboy, New Jersey. 








TRADE MARK 









“Carborundum” and "'Carbofrax” are registered trademarks of, and indicate manufacture by, The Carborundum Company 





NEWARK 
Standard ASTM. Testing Sieves 


eee featured by 


NEWARK 
Quality 





/ 
NEWARK 
fe-ACCURACY 


ZnCl, and 95-50 percent carrier may be 
used. According to the invention 1 mol 
proportion of 1,3-butadiene and 8 mol 
benzene are passed at 225° C. and under 
40 atmospheres pressure through the 
bed of catalyst. The product contains 
50 percent by volume of phenyl butenes. 


U.S.P. 2,382,318. Alkylation of Benzene. 
V. N. Ipatieff and R. E. Schaad to 
Universal Oil Products Company. 
Mono-isopropyl benzene is formed 

from benzene and propylene by subject- 

ing the components in a ratio of at least 

3:1 to contact with solid phosphoric 

acid at 150 to 450° C. and under a pres- 

sure of at least 100 psi. At least 90 per- 
cent of the alkylated benzenes consist of 
mono-isopropyl benzene. 


U.S.P. 2,382,899. Alkylation of Branched- 
Chain Paraffin Hydrocarbons. R. J. 
Newman to Universal Oil Products 
Company. 

In the alkylation of iso-paraffins with 
olefins in the presence of HF, used 
catalyst is recycled to the alkylation 
zone and a relatively low volumetric 
ratio of catalyst to hydrocarbon is main- 
tained during the initial period of opera- 
tion with a fresh catalyst until the con- 
centration of organic diluent in the cata- 


| lyst increases to a predetermined value. 


Subsequently, the volume ratio of cata- 


| lyst to hydrocarbon is increased to a 


higher value and thereafter the rate of 
addition of fresh and withdrawal of used 
catalyst is regulated to maintain a pre- 
determined concentration of organic 


| diluent at a constant value. 


| U.S.P. 2,383,056. Manufacture of Motor 


W. have always made 
testing sieves with true 
mesh openings...an accu- 
racy resulting from years 
of experience combined 
with highly skilled 


weaving. 


NEWARK Standard Sieves range in openings from 
4 inches down to 400 mesh. Diameter of sieves range 
from 3 inches to 12 inches. They are made to con- 
form to A.S.T.M., NBS and ASA specifications. 


* * * 


Write for our catalog...if you would like further 
information before ordering. 


NEWARK WIRE CLOTH COMPANY 


334 VERONA AVENUE © NEWARK 4, NEW JERSEY gins 





Fuel. A. R. Goldsby to The Texas 

Company. 

Normally liquid ‘olefinic constituents 
of naphtha or gasoline are segregated 


| and used to alkylate iso-paraffinic hy- 


drocarbons in the substantial absence 


| of non-olefinic constituents of naphtha 


or gasoline which interfere with the- 


| alkylation reaction and whose presence 
| in the final product may be undesired. 


| U.S.P. 2,384,295. Alkylated Aromatic 


Hydrocarbons. P. J. Gaylor to Stand- 

ard Oil Development Company. 

To improve alkylate yields in the re- 
action of impure aromatic hydrocarbons 
with olefins, the aromatic hydrocarbons 
are, prior to alkylation, treated with 0.01 
to 0.1 mol of Friedel-Crafts catalyst per 
mol of hydrocarbon. The treated hydro- 
carbons are separated from acid sludge 
and alkylated. The treatment is carried 
out at 120-180° F. 


U.S.P. 2,384,505. Treatment of Hydro- 
carbons. C. L. Thomas and V. Haen- 
sel to Universal Oil Products Com- 
pany. 

Aromatic hydrocarbons and alcohols 
are contacted with a composite silica- 
alumina catalyst at 500-850° F. and un- 
der 200-2000 psi pressure. 


U.S.P. 2,384,735. Alkylation Process. F. 
E. Frey to Phillips Petroleum Com- 
pany. 

In a process for alkylating saturate! 
hydrocarbons with olefin hydrocarbons 
in the presence of concentrated or an- 
hydrous HF, the olefins can be advan- 
taveously absorbed by hydrofluoric acid 
prior to contacting under alkylation con- 


| ditions with an alkylatable hydrocarbon. 
| Objectionable polymerization of the 
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The quality built into HUDSON Towers assures the 
operator of minimum overall cost to cool water 


over the life of the process unit. 


HUDSON ENGINEERING CORPORATION 


Engineers aad Casstnchins 
FAIRVIEW STATION HOUSTON, TEXAS 



























by LUNKENHEIMER 


Interchangeable Parts 


Fig. 16 
















300 Ib. S. P. 


Bronze “RENEWO" 





Fig. 16-P 


300 Ib. S. 


Bronze Plug 
iy _ EW 


P. 
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In servicing the Bronze “‘Renewo" and 
Iron Body “‘Ferrenewo"' Valves —both 
regular and plug types —only one stock 
of parts is required. All parts (except 
bodies and bonnet rings) are made 
exactly the same and fit each other 
perfectly. 


Repairs are more quickly and easily 
made, ordering and handling 
are simplified. The result: Low- 
er maintenance cost and low 
ultimate valve cost. 
Lunkenheimer part-inter- 
changeability is fully illustrat- 
ed and described in Circular 
No. 567. 


Ask your Lun- 
kenheimer 
Distributor for 
a@ copy, or 
write direct. 











BRONZE 
200 Ib. S. P. 
*““RENEWO" 































VALVE MAINTENANCE SIMPLIFIED! 


All parts of these valves (except bodies and bonnet 
rings) are exactly the same. They fit each other 


perfectly. 


For example—if you need a stem, disc. or seat ring 
for the “RENEWO”, you can use the corresponding 
part of the “FERRENEWO”, and vice versa. 


Thus there are fewer parts to be carried, repairs are 
more quickly and easily made. The labor, time, and 
expense of valve maintenance is cut down—way 


down! 


SAVE THIS WAY, TOO! 


For severe throttling service. a regular 
type can be converted into a plug type. 
by simply changing the seat and disc, 
without taking the valve out of the line. 


Thus it’s not necessary to buy a whole 
new valve—just a matched set of plug 
type seat and disc which interchange 
perfectly in corresponding patterns and 
sizes in a range of pressures from 150 
to 350 Ib. S. P. 

Lunkenheimer simplicity of design. mini- 
mum number of parts. and fine precision 
workmanship make this and other out- 
standing economies possible. 








SEE YOUR 
LUNKENHEIMER 
DISTRIBUTOR! 


Lunkenheimer Distribu- 


tors are located in all 
industrial centers. There 
is one near you—have 
him demonstrate with 
actual samples the in- 
terchangeability of parts 
in “*RENEWO"' end 
““FERRENEWO" Valves. 
it's a big time and 
money saver for any 
plant! 
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olefins absorbed in the hydrofluoric acid 
is averted effectively by controlling the 
acid: olefin ratio (at least 10:1), the 
temperature (30-150° F.), acid concen- 
tration (65-90 percent by weight) and 
period of contact prior to alkylation. 
Hydrocarbon streams containing rela- 
tively, small proportions of olefins may 
be utilized, according to the invention. 


U.S.P. 2,385,123. Alkylation of Ethylene. 
G. T. Atkins, Jr., to Standard Oil De- 
velopment Company. 

Ethylene is absorbed in strong sul- 
furic acid, unabsorbed gas is separated 
and the mixture is alkylated with iso- 
butane at 30-130° F. in the presence of 
at least an equi-molecular amount of 
iso-butane and an added amount of 
butylene such that the mol ratio of 
ethylene to butylene is at least 1:1 and 
not greater than 25:1. 


U.S.P. 2,385,133. Production of Motor 
Fuel. G. T. Gwin to Standard Oil De- 
velopment Company. 

When a mixture of iso-butane and 
iso-pentane, containing at least 30 per- 
cent iso-pentane is employed in an 
alkylation reaction with olefins, a prod- 
uct is obtained which is greatly superior 
to that which could have been expected 
from the characteristics of the products 
obtained by alkylating these iso-paraf- 
fins separately under the same condi- 
tions. 


U.S.P. 2,385,187. Synthesis of Ethyl 
Benzene. F. H. Blanding to Standard 
Oil Development Company. 

Ethylene and benzene are contacted 
in the vapor phase at 275-350° F. and 
not over 5 psi pressure over a porous 
carrier containing impregnated thereon 
8-15 percent of AIC] by weight of the 
catalyst mass. At the same time 0.01- 
0.05 percent AICI; vapors, based on the 
hydrocarbon feed are introduced into 
the catalyst mass. 


U.S.P. 2,385,300. Conversion of Hydro- 
carbons. H. Pines and V. N. Ipatieff 
to Universal Oil Products Company. 
Alkyl cyclopentanes are reacted with 

straight- and/or branched-chain paraf- 

fins in the presence of an alkylating 
catalyst including sulfuric acid, HF, 
mixtures of HF and BF; and Friedel- 

Crafts type metal halides together with 

hydrogen halide. Alkylated cyclohexane 

hydrocarbons are formed and isomeriza- 
tion occurs before or during alkylation. 

An excess of alkyl cyclopentane over 

paraffin is maintained. With HF a re- 

action temperature of —20 to 200° C. is 
used at not more than 35 atmospheres 
pressure. 


U.S.P. 2,385,303. Alkylation of Aromatic 
Compounds. L. Schmerling to Uni- 
versal Oil Products Company. ' 
Alkylated aromatic hydrocarbons are 

produced by subjecting an aromatic and 

an olefinic hydrocarbon to contact un- 
der alkylation conditions in the presence 
of a_ solution comprising essentially 

AIC]; dissolved in a nitroparaffin. A re- 

action temperature of —10 to 100° C. 

pressure from atmospheric to 

about 100 atmospheres is employed. 

1-40 mol proportions of aromatic hydro- 

carbons to 1 mol proportion of olefinic 

hydrocarbons are used. 


U.S.P. 2,385,524. Conversion of Hydro- 
carbons. W. J. Mattox to Universal 
Oil Products Company. 

Alkyl substituent groups are | trans- 
ferred from a polyalkylated aromatic 
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hydrocarbon to a non-alkylated aro- 
matic hydrocarbon by contacting a mix- 
ture of the two with an alumina-contain- 
ing catalyst in the presence of hydrogen 
halide. Suitable catalysts include alumina 
and naturally-occurring minerals or 
earths, and the reaction takes place at 


400-600° C. 


U.S.P. 2,385,806. Catalytic Cracking- 


Isomerization Alkylation Process. A. 
L. Foster to Phillips Petroleum Com- 
pany. 

An aluminum-halide catalyst is used 


under increasingly severe conditions first | 





in a process for the isomerization of | 
normal to iso-paraffins, then in an alkyl- | 


ation of C, to Cs iso-paraffins with lower 


olefins, finally in the catalytic cracking | 


of petroleum naphthas. The cracking 
products from the naphtha cracking step 
are separated into paraffins and olefins, 


the former isomerized and then alkylated | 


with the latter. 


U.S.P. 2,386,681. Method and Appa- 
ratus for Catalytic Alkylation. S. T. 
Hadden to Socony-Vacuum Oil Com- 
pany. 


An apparatus for alkylation of iso- | 


paraffins with olefins in the presence of 
liquid HF is described. 


U.S.P. 2,386,982. Alkylation of Aromatic 
Compounds. R. FE. Schaad to Uni- 
versal Oil Products Company. 
Alkylated aromatic hydrocarbons are 

produced by subjecting an aromatic and 


an alkoxy compound to contact in the | 


presence of a catalyst comprising as its 
active ingredient an acid phosphate of 
an alkaline earth metal. Reaction condi- 
tions employed are 200-450° C. and at- 
mospheric to 300 atmospheres pressure. 


U.S.P. 2,387,162. Conversion of Hydro- 
carbons. M. P. Matuszak to Phillips 
Petroleum Company. 

It is an object of the invention to con- 


vert propylene, in a hydrocarbon stream | 
containing diluents, to isopropyl fluoride, | 


to extract the resulting isopropyl fluo- 
ride in liquid concentrated HF, and to 
utilize the extract as alkylating agent 
and catalyst in an alkylating zone. 
Propylene and HF are admixed in equi- 
molecular amounts at 40-200° F. while 
the alkylation step takes place at 100° F. 


Stutson Chief Engineer 
of Socony-Vacuum Section 


Alverd C. Stutson has been appointed 
chief engineer of the technical division- 


industrial section of Socony-Vacuum Oil | 


Company, succeeding W. G. G. Godron, 
who has retired. Gerald J. Van Liew, 
staff engineer, has assumed the position 
of assistant chief engineer, formerly held 
by Stutson. 

Stutson, who is considered an author- 
ity on power equipment operation and 
lubrication, devoted much of his time 
during the war to consulting on critical 
problems with the Navy and Maritime 
Commission. He has been associated 
with Socony-Vacuum since September, 
1937, when he became lubrication engi- 
neer in St. Louis. He came to New York 
in 1941 as staff engineer of the technical 
division and was made assistant chief 
engineer in January, 1943. 

Van Liew for 15 years was a lubrica- 
tion engineer with Socony-Vacuum in 
Milwaukee and Nashville before coming 
to New York as staff engineer in No- 
vember, 1944. 
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Keep these vital tools 
ready for action. 


Suppose an emergency required you to open one 
of your boilers, condensers or other tubular units 
today. Would you be able to take advantage of 
this condition by cleaning tubes while the unit 


is down? 


How long is it since you looked over your tube 
cleaners? Why not do it now, while you think of 


it? They may need adjustment, 
repair or parts replacement. 


You'll have to use your tube clean- 
ers sooner or later, perhaps sooner 
than you expect. So why risk tying 
up production on account of im- 
perfect tube cleaners? Get them 
ready for immediate action now. 


ROTO 


DIVISION OF ELLIOTT COMPANY 
145 Sussex Avenue 
NEWARK 1, N. J. 
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Fundamental Physical and Chemical Data 





Equilibrium Constants for Methane in 
Paraffin Mixtures. G. H. Hanson, M. J. 
Rzasa AND G. G. Brown. Ind. & Eng. 
Chem. 37 (1945) pp. 1216-17. 


Equilibrium constant ‘data for methane 
and various paraffin hydrocarbons have 
been correlated on the basis of critical 
or convergence pressures. The K values 
from this correlation are presented in 
detail in tabular form. A plat is given 
showing the equilibrium constants at 
160° F.- plotted against critical or con- 
vergence pressure. Knowing the critical 
locus of a binary paraffin system, the 
equilibrium constants for methane can 
be obtained from cross plots based on 
the K values presented in the table. 


These Methods Avoid Trouble in 
Converting Viscosity Units. B. MILLER. 
Chem. & Met. Engr. 52 (1945) p. 115. 


In the making of calculations in the 
field of fluid flow the viscosity of the 
fluid is a factor used and it is necessary 
that the viscosity be expressed in the 
proper units in order to get correct 
numerical results. However, viscosities 
are expressed in various textbooks and 
articles in different units, which may 
easily lead to error in applying the 
data. The author discusses various units 
of viscosity and outlines the method 
of conversion. A table of viscosity unit 
conversion factors is included. 


The Isothermal and Adiabatic Com- 
pressibilities of Oil. A. Cameron. Jour. 
Inst. Petr. 31 (1945) pp. 421-27. 


The compressibility of oils is a sub- 
ject of increasing interest to industry 
as working pressures become higher and 
higher. Knowledge of the subject is ap- 
plicable to high-pressure oil hydraulic 
systems and direct-injection heavy pil 
engines. In the first case the com- 
pressibility is isothermal, and in the 
second, adiabatic. It is not generally ap- 
preciated that the values of these two 
quantities are different and that they are 
related by Y, the ratio of the specific 
heats. The author has collected all pub- 
lished data on the subject, and presents 
a discussion of them, including a chart 
showing both adiabatic and isothermal 
compressibility plotted against tempera- 
ture as degrees Centigrade. The value 
of Y is given as 1.121 as determined from 
the velocity of sound in oil, and as 
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1.1346 as determined by the ratio of the 
specific heats. 

Heats of Combustion and Isomeriza- 
tion of the Eight C,H; Alkylbenzenes. 
W. H. Jounson, E. J. Prosen ann F. D. 
Rosstnt. J. Res. Natl. Bur. Standards 35 
(1945) pp. 141-6 (Res. Paper. 1665). 

Calorimetric measurements are made 
of the heats of combustion of the eight 
C,H» alkylbenzenes in the liquid state 
at 25° C. The differences in the heats 
of combustion represent the heats of 
isomerization. The heats of isomeriza- 
tion were combined with values pre- 
viously reported for the heat of combus- 
tion of propylbenzene to obtain values 
for the heats of combustion of each of 
the C,H» alkylbenzenes. 


Kinetics and Mechanism of the Iso- 
merization of Cyclopropane. E. S. 
CoRNER AND R. N. Pease. Jour. Amer. 
Chem. Soc. 67 (1945) pp. 2067-71. 


New measurements of the rate of ho- 
mogeneous isomerization of cyclopro- 
pane to propylene were made. A method 
of selective catalytic hydrogenation was 
employed to analyze both for propylene 
and unreacted cyclopropane. It was 
found that hydrogen, ethylene and 
propylene have little effect on the rate 
of reaction. In the presence of decom- 
posing n-butane the isomerization is ac- 
celerated and butane decomposition is 
retarded. The isomerization can be ex- 
plained on the basis of a mechanism 
involving primary formation of the tri- 
methylene di-radical, which can activate 
additional cyclopropane molecules. This 
mechanism is proposed as an alternative 
to the quasi-unimolecular reaction mech- 
anism, 





Chemical Compositions and Reactions 





Higher Hydrocarbons. III. The Wolff- 
Kishner Reaction. F. C. WxHitmore, C, H. 
Herr, D. G. Crarke, C. S. ROWLAND AND 
R. W. Scutessier. Jour. Amer. Chem. Soc. 
67 (1945) pp. 2059-61. 


The method of converting aldehydes 
and ketones to the corresponding hydro- 
carbons by heating their hydrazones or 
semicarbazones to 180-200° C. with so- 
dium ethoxide and alcohol has been the 
subject of many investigations and is 
known as the Wolff-Kishner reaction. 
Through a modification of this reaction, 
employing commercially-available ma- 
terials, the authors prepared four hydro- 
carbons of high molecular weight, 
namely: n-hexacosane, 1-phenyleicosane, 
l-cyclohexyleicosane and 1-cyclopentyl- 
heneicosane. With the exception of 
n-hexacosane the compounds described 
in the paper have never been previously 
reported. The important properties of 
the four 26-carbon hydrocarbons are 
given in tabular form. 


High Molecular Weight Hydrocar- 
bons. I. Eicosane, 1-Phenyleicosane and 
3-Ethyloctadecane. K. W. SHERK, M. 
Vircinta AuGuR AND M. D. Sorrer. Jour. 
Amer. Chem. Soc. 67 (1945) pp. 2239-40. 


n-Eicosane and 1-phenyleicosane were 
prepared in a high degree of purity by 
the reduction of the ketones obtained 
by the action of stearyl chloride on the 









appropriate dialkylcadmium derivative. 
Some alternate syntheses of the inter- 
mediates, and an improved synthesis of 
3-ethyloctadecane, are described. 


Isomerization Accompanying Alkyla- 
tion. IV. Reaction of Cycloheptanol and 
Cycloheptent with Benzene. Synthesis of 
Cycloheptylbenzene. H. Pines, A. Ebe- 
LEANU AND V. N, Ipatierr. Jour. Amer 
Chem. Soc. 67 (1945) pp. 2193-96. 


The cycloalkylation of benzene with 
cycloheptene or cycloheptanol in the 
presence of aluminum chloride, hydro- 
gen fluoride and sulfuric acid was stud- 
ied. Contrary to previous observation, 
the reaction of cycloheptanol with ben- 
zene in the presence of aluminum chlo- 
ride is accompanied by isomerization. 
The monocycloalkylated benzene formed 
contained only 10 percent of cyclohepty!- 
benzene corresponding to a 3 percent 
yield. When cycloheptene reacted with 
benzene in the presence of sulfuric acid 
or hydrogen fluoride, cycloheptylbenzene 
in yields of 48 and 71 percent respec- 
tively were obtained; in the presence of 
aluminum chloride isomerization occur- 
red, resulting in the formation of methyl- 
phenylclohexane. Cycloheptanol on reac- 
tion with benzene in the presence of sul- 
furic acid yielded cycloheptylbenzene 
and methylphenylcyclohexanes. Cyclo- 


heptylbenzene and 1-methyl-4-phenylcy- 
clohexane were synthesized. Cyclohepty!- 
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benzene on dehydrogenation yielded 
fluorene. 


Catalytic Formation of Diolefins from 
Monoolefins. J]. C. GHosH anv A. N. Roy. 
Current Sci. 14 (1945) pp. 156-7. 


The chemical equilibrium in the cata- 
lytic dehydrogenation of EtCH:CH: and 
of Me:CHCH:CH: at low pressures was 
studied. The temperatures of neutral 
equilibrium were found to be 744° C. 
and 671.5° C. respectively. From these 
results and the data on the heats of for- 
mation and heats of hydrogenation the 
entropy and free-energy functions were 
calculated and are presented in tabular 
form. 


The Polymerization of Olefins. VIII. 
The Depolymerization of Olefins in Rela- 
tion to Intramolecular Rearrangements. 
II. F. C. Wuitmore ANpD E. E. STALY. 
Jour. Amer. Chem. Soc. 67 (1945) pp. 
2158-60. 


The previously reported cleavage of 
di-t-butylcarbinol by acidic agents to 
trimethylethylene and isobutylene and 
its polymers was confirmed and ex- 
tended to more than 20 compounds, in- 
cluding alcohols and olefins. Cleavage is 
shown most readily with compounds 
capable of forming a corbonium ion in- 
cluding R;s—C—C—C. The reaction 
studied in the course of the investiga- 
tion, in addition to the analogous cleav- 
age of hexamethyl-1,3-propane-diol to 
acetone and tetramethylethylene as dis- 
covered and reported by Slawjanow in 
1907 and similar changes are discussed 
and interpreted on the basis of the cur- 
rent theory of molecular rearrangements. 


Metal-Catalyzed Reaction Between 
Acetylene and Hydrogen. V. Reaction 


over Palladium, Iron, and Some Other | 


Catalysts. J. SuHerman. J. Chem. Soc. 
(1945) pp. 470-6. 


Fhe reaction of acetylene and hydro- 
gen over fresh palladium-pumice cata- 
lysts resembles that over platinum 
except that ethane formation over pal- 
ladium is much more strongly suppressed 
by acetylene, even in the presence of 
excess hydrogen, and the total yield of 
C; products is slightly less than over 
platinum under the same _ conditions. 
Also, the presence of oxygen with pal- 
ladiurn catalysts causes more _ rapid 
oxidation than with platinum. The de- 
activation of palladium catalysts is ac- 
companied by an increase in production 
of C.H. relatively to that of C:Hs, par- 
ticularly in the early stages of reaction. 
Over iron-pumice catalysts considerable 
hydrogenation to C:H, and C,H. occurs; 
reaction in general resembles that over 
nickel but is not retarded by oxygen. 
The catalytic actions of cobalt, copper, 
and some mixtures of metals are of the 
same type as that of nickel, though 
cuprene formation complicates the re- 
action over copper. 


Direct Catalytic Conversion of Methyl- 
cyclopentane to Benzene. B. S. GreENs- 
FELDER AND D. L. Futter. Jour. Amer 
Chem, Soc. 67 (1945) pp. 2171-73. 


Methylcyclopentane was converted di- 
rectly to benzene and other aromatic 
hydrocarbons by simultaneous isomer- 
ization and dehydrogenation over a 
molybdena-alumina catalyst in the pres- 











View of the Shell Oil Company 
cycling plant at Sheridan, Texas 
+ + « one of the numerous gas 
processing plants designed and 
constructed by Petroleum En- 
gineering, Inc., during its 16 
years service to the industry. 
PETROLEUM ENGINEERING, INC. 
Offices: Houston and Tulsa. 
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To homogenize is to put compatible or ipcon 


patible components in 
stabile suspension 

To suspend and stabilize s 
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To suspend pigments, minerals 
in a vehicle ; 

These several actions are accomplished 
the FLOW-MASTER process by reducing all ele 
ments to minute subdivision by a series of 
actions, and then thoroughly coating all sur 
faces with the vehicle. This enables them to 
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defy the law of gravity. although the solids 
may be heavier than the vehicle 
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HOMOGENIZER 


All of These Definitions Are Based on What The —+LOW-MASTER__ 
Is Doing Throughout Industry Today 


It is processing products that were thought impos- turizes — emulsifies — stabilizes — grinds under 
sible to homogenize and producing entirely new steady, hydraulic pressure and also bleaches some 
products in some cases. products where necessary. 

It is increasing the shelf life in others — cutting These results are accomplished, not by pressure alone, 
processing costs — improving quality and appear- but on a series of actions as the product passes from 
ance and putting compatible and incompatible mate- entrance to exit and under temperature control if 


rials into perfect homogeneous compounds. desicahte Bach enttmive 





These accomplishments are possible because action brings the product ert 
THE FLOW-MASTER one step nearer perfectio- 
works on an entirely new and more scientific prin- until the desired result is 






ciple. It not only homogenizes but it blends — tex- achieved. 






Third and Church Sts., Wilmington 50, Del. 


February, 1946—A Gulf Publishing Company Publication 



















They re OK" 


| Says the 
Refining Industry 


JERGUSON. 









































































What's necessary in a liquid level gage used in refineries? 
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x x i 
There’s a JERGUSON Gage—Reflex or Transparent—for every refinery con- 
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intended application. 
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79 FELLSWAY SOMERVILLE 45, MASS. 
LIST OF REPRESENTATIVES 
Charlotte, North Carolina Los Angeles 6, California San Francisco 10, California 
M Company Bushnell Controls & Equipment Co. Bushnell Controls & Equipment Co. 
Chester 1, Pennsylvania Marshalltown, lowa Seattle 9, Washington 
Desco Corporation Engineering Equipment Co. Arthur Forsyth Company 
Chicago 2, Illinois Memphis 3, Te St. Louis 11, Missouri 
Associated Valve & Engineering Co. Johnson & Scott O’Brien Equipment Company 
Cleveland 14, Ohio Minneapolis, Minnesota Tulsa 12, Oklahoma 
H. R. Bowers Company George R. Mellema Co. W. D. Emery Company 
Cincinnati, Ottio New York 17, New York Wilmington, Delawar: 
Henry Strobel, Jr. J. A. Moore Desco Corporation 
Detroit 4, Michigan Pittsburgh, Pennsylvania Montreal 13, P. Q., Canada 
Smith Instrument & Equipment Co. D. D. Foster Company Peacock Brothers, Ltd. 
Houston 1, Texas Portiand 8, Oregon Mexico, D. F. 
Danie! Orifice Fitting Company Arthur Forsyth Company Tecnica y Equipos, S, A. . 
2-JV-1 








186 





Safety, readability, durability, tight-joints, non-shattering glass. Com- | 





ence of hydrogen. The direct production 
of benzene from methylcyclopentane is 
an example of simultaneous alkylcyclo- 
pentane ring isomerization or expansion 
and dehydrogenation to the aromatic hy- 
drocarbon. Side reactions occur, includ- 
ing the formation of polycyclic aro- . 
matics, cracking, and the production of 
olefins. The beneficial effect of hydrogen 
is probably connected with the suppres- 
sion of these side reactions that tend to 
form tarry and carbonaceous deposits 
on the catalyst. 


On the Catalytic Cyclization of Ali- 
phatic Hydrocarbons. E. F. G. Herrinc- 
TON AND E. K. Ruipeat. Univ. of Cam- 
bridge, Proc. of the Royal Soc. 184 (1945) 
Part I, pp. 434-46; Part II, pp. 447-63. 


The process of catalytic ring closure 
of aliphatic hydrocarbons over oxide 
catalysts appears to involve a 2-point 
contact between the catalyst and a pair 
of carbon atoms in the hydrocarbon. 
The ring apparently closes by reaction 
between a carbon atom of the chain 
which is in the gas phase and one of the 
adsorbed carbon atoms. Variation in 
yield of aromatic hydrocarbons with 
different paraffin feed stocks can be pre- 
dicted on the assumption that the mono- 
olefin formed as an intermediary is held 
by 2-point contact and that the double 
bond can migrate to all positions in the 
chain as occurs on metallic catalysts. 
Poisoning of the catalyst is explained 
by the formation of giant polymer 
molecules. Observations in the course of 
the work suggest that isomerization 
must also occur and take place concur- 
rently with the act of ring closure. The 
results obtained are explained on the 
basis of structural configuration. Al- 
though all pentanes yield aromatics on 
passage over an aromatizing catalyst, 
higher temperatures are required for 
their reaction than for the hexanes and 
higher hydrocarbons. However, cracking 
into two separate fragments is not nec- 
essary. 


Application of the Ultra-Violet Ab- 
sorption Method to the Analysis of 
Mixtures Containing Aromatic Hydro- 
carbons. R. R. Gorpon Anp H. POWELL. 
Jour. Inst. Petr. 31 (1945) pp. 428-49. 


The need of the petroleum industry 
for more sensitive methods of analytical 


| control was discussed in a previous pa- 





per by the authors, in which infrared ab- 
sorption methods of analysis were de- 
scribed. Lack of data makes this method 
of analysis somewhat limited in appli- 
cation, and therefore, to simplify the 
analytical problems a method for using 
the ultra-violet region of the spectrum 
has been evolved. The principles, appa- 
ratus, and technique involved in the 
quantitative analysis of 2-, 3-, and 4- 
component mixtures of aromatic hydro- 
carbons by the use of the ultra-violet 
absorption method are discussed in de- 
tail. The method is not dependent on 
comparison between the unknown mix- 
ture and synthetic blends. The mixtures 
used in the work .were: benzene-toluene, 
the Cs aromatics ethylbenzene, ortho-, 
meta-, and para-xylene, and ortho-xylene 
and isopropylbenzene. The accuracy ob- 
tainable was checked by analysis of a 
number of synthetic mixtures. The de- 
pendence of the error on the composi- 
tion of the mixture is shown graphically, 
and the maximum possible error in the 


| method of analysis is discussed. In gen- 
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One of many recent DYNALOG installations. It gives speedy, accurate 
temperature records on chart with full-width range of only 12° C. 


Only DYNALOG Instruments Give This Combined! 





SPEED 


Almost instantaneous! 
Only 3 seconds for full- 
scale travel of pen or 
pointer. 


Until the development of Foxboro’s DYNALOG 
Instruments, you could not get industrial bridge- 
type instruments with this unique combination of 


performance characteristics! 


The reason is: DYNALOG Instruments were spe- 
cifically designed as electronic instruments . . . not 
merely supplemented by electronic improvements. 
In them, electronic circuits permit complete re- 
placement of usual slide-wire mechanisms with a 
simple variable capacitor. Moving contacts are 


entirely eliminated! 
* Reg. U. S. Pat. Off. 


ACCURACY 


VY, of 1% of scale for 
all ranges. 


SENHITIVITY 


So high that fuil calibra- 
tion accuracy is main- 
tained, even for ex- 
tremely narrow scales. 


Further, wholly-electronic design also replaces 
customary rotary drive-motors with a simple push- 
pull magnetic motor. Positive dynamic balancing 
is supplied, automatically, on bridge-unbalance 
voltages of less than 15 microvolts! 


These are only high-lights of DY NALOG Record- 
ers and Multi-Point Indicators. If your process 
demands unusually-exacting thermal or high- 
pressure measurements, call in a Foxboro Engineer. 
Or write for detailed information. The Foxboro 
Company, 74 Neponset Ave., Foxboro, Mass., U.S.A. 
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in badly cracked 
cylinder block 


A 15” x 12” triplex geared power 
pump in a Tennessee plant developed a 
crack that extended through all valve 
chambers, valve decks and one partition 
between plunger cylinders. The typical 
Smooth-On repair shown here put the 


pump back in service. 


First, the entire crack was filled in 
with Smooth-On No. 
Cement. Then a shaped metal patch, 
with Smooth-On, was bolted 


through valve chamber covers and valve 


1 Iron Repair 
coated 


decks into solid iron. After the Smooth- 
On had hardened, the pump resumed 


operation without leakage. 


For more than 50 years Smooth-On 
No, 1 has been a standby with me- 
chanics, repair and maintenance men 
for sealing cracks, stopping leaks and 
tightening loose parts. Economical. Easy 
to use, Gives lasting results. Applied like 


putty, it sets to metallic hardness, ex- 


panding slightly, insuring tight repairs. 


sizes 


Order 1-, 5-, 25-, or 100-Ib. 
from your supply house. If they haven't 


it, write us. 


FREE me HAND! 

a REPAIR HANDBOOK 
40 pages. 170 Instructions for 

tested repoirs to 
equipment. Pocket size—and should be 

in the pocket of every engineer ond me- 


‘S thervet, precise 
\o Sef = 





chenic, Yours, for jvst sending the coupon. 


Smooth-On Mfg., Co., 
570 Communipaw Ave., Jersey City 4, N. J., Dept. 11 
Please send me a Smooth-On Handbook 


NAME 


ADDRESS 
2-46 


Do il id SMOOTH: ON 


»nt of 1000 Uses 















eral, it can be said that the method is 
rapid and reasonably accurate. 


Addition of Carbon Tetrachloride and 
Chloroform to Olefins. M. S. KHARASCH, 
E. V. JENseEN AND W. H. Urry. Science 
102 (1945) p. 128. 


Carbon tetrachloride and chloroform 
react with olefines in the presence of 
small amounts of either diacetyl or di- 





benzoyl peroxide. 1-Octene, e.g., con- 
denses with carbon tetrachloride to give 
1, 1, 1, 3-tetrachlorononane, while with 
chloroform it yields 1,1,1-trichlorono- 
nane. This unusual type of addition takes 
place by means of a chain reaction 
initiated by the free radicals generated 
in the reaction mixture through the 
decomposition of the organic peroxide. 
Olefin aromatic substituents favor side 
reactions that result in higher polymers. 
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System of Distillation Equations. W. 
D. Harpert. Ind. & Eng. Chem. 37 (1945) 
pp. 1162-67. 


A complete system of distillation equa- 
tions connecting liquid composition and 
plate number, x and n, is presented b 
the author. The cases of binary distilla- 
tion at total reflux, binary distillation at 
any reflux, multicomponent distillation 
at total reflux and multicomponent dis- 
tillation at any reflux are included. With 
the assumptions of constant relative 
volatility and constant internal reflux, 
the equations given are mathematically 
identical with the plate-to-piate pro- 
cedure normally used. Illustrative calcu- 
lations are given for the four cases, 
together with plots of the type curves 
obtained. Possible uses of the equations 
in design calculations and in the devel- 
opment of distillation theory are sug- 
gested. A bibliography of 12 references 
is included. 


Oak Ridge Gives Industry a Unit 
Operation—Gas Diffusion. J. F. Hocer- 
TON. Chem. & Met. Engr. 52 (1945) pp. 
98-101. 


The author believes that of all the 
techniques developed to tailor the atom, 
the gas diffusion process will undoubt- 
edly contribute most to the processing 
industry’s stock-in-trade. The operation 
of the K-25 plant, which is part of the 
Clinton Engineer Works at Oak Ridge, 
is described, although it is admitted that 


much is left unsaid. Although the prin- . 


ciple of gaseous diffusion was known as 
far back as 1829, the K-25 plant repre- 
sents its first commercial application. 
Heretofore, materials to be separated 
have always had sufficiently dissimilar 
physical or chemical properties to per- 
mit the use of better known methods 
such as distillation, absorption, or crys- 
tallization. However, the two important 
isotopes of uranium are such nearly per- 
fect twins that no ordinary methods 
sufficed and gaseous diffusion was used 
and is now in a position to compete 
commercially with conventional methods 
for making separation. 


Synthetic Ammonia Produced from 
Natural Gas. J. A. Lee. Chem. & Met. 
Engr. 52 (1945) pp. 94-96, 134-37. 


The standard practice in this country 
has been to make synthetic ammonia 
from water gas. However, in the three 
plants constructed during the war for 
the Defense Plant Corporation, hydrogen 
is made from natural gas. Sulfur is first 
removed from the gas by heating the 
gas and passing it through towers filled 
with trays of bauxite to act as a catalyst. 
The sulfur-free gas is processed in a re- 
forming furnace where it is treated at 
about 30 pounds pressure and leaves the 
tubes at a temperature of about 1300° F. 
The tubes are filled with a catalyst for 





dissociating methane into hydrogen, car- 
bon dioxide and carbon monoxide. Some 
steam is used, along with the purified 
gas. The products pass through a com- 
bustion chamber where as much as pos- 
sible of the undissociated methane is 
consumed through induction of air. Suffi- 
cient air is used so that the mixture leav- 
ing the chamber will have the required 
percentage of nitrogen for ammonia pro- 
duction. The gas leaving the production 
chamber has a temperature of about 
2000° F. and contains approximately 40 
percent of hydrogen, 11 percent carbon 
monoxide, 4 percent carbon dioxide, and 
28 percent water. The temperature of the 
gas is reduced to 800° F. by quenching 
with a water spray. To convert the car- 
bon monoxide to carbon dioxide, the gas 
is passed through a catalyst chamber at 
800° F. The gas is compressed and the 
carbon dioxide removed by absorption 
at a temperature of 100° F. and 200 
pounds, gauge, pressure. Traces of car- 
bon monoxide and acetylene are re- 
moved by scrubbing with cuprous and 
cupric formate. The gas is compressed 
to 4000 pounds per square inch and 
passed to the ammonia converters, each 
containing 12 beds of promoted iron 
catalysts. The reaction in the converters 
occurs at about 925° F., and the gas 
leaves the converters at 375° F. contain- 
ing approximately 16 percent ammonia. 
It is cooled to 100° F. and to 75° F. in 
order to condense part of the ammonia. 
The gas containing about 4.5 percent am- 
monia passes to the ammonium carbamate 
traps where carbon dioxide not removed in 
the absorber combines with ammonia to 
form ammonium carbamate. The gas is 
then chilled to 25° F., which causes the 
liquefaction of more ammonia. After 
this separation the gas containing ap- 
proximately 2.5 percent ammonia is re- 
turned to the converters through a sys- 
tem of heat exchangers. Liquid am- 
monia is stored in insulated pressure 
tanks. 


Afkylation of Isoparaffins. F. G. 
Ciapetta. Ind. & Eng. Chem. 37 (1945) 
pp. 1210-16. 


Although the alkylation of isoparaffins 
with olefins has became a commercial 
process of great importance, no satisfac- 
tory mechanism of the chemical reaction 


_has been proposed that accounts both for 


the products formed and the role of the 
catalyst. The reactions of paraffin and 
olefin hydrocarbons in concentrated sul- 
furic acid indicate that the intramolecular 
hydrogenation-dehydrogenation proper- 
ties of this catalyst play an important 
part in the alkylation of isoparaffins with 
olefins. The similarity of the carbon 
skeletons of‘the hydrocarbons produced 
in the alkylation of isobutane with bu- 
tenes and the copolymerization of iso- 
butene with normal butenes in less con- 
centrated acid suggest the formation of 
a corbonium-ion intermediate during the 
alkylation reaction, similar to that postu- 
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POSITION OPEN 
on Edstorial Staff 


PETROLEUM REFINER 


In connection with plans for expanded edit»vrial 





: | content. The Petroleum Refiner has an opening on its 


staff for a ‘refinery plant visitation” editor. 


: | Duties of this member of our staff will be to visit 
refining plants, and after consulting with the proper 
d refinery authorities, write articles dealing with spe- 
d | cial construction or operating ideas which improve 
" | efficiency of plant operation; to write articles on the 
construction of new plants in the U.S.A. and abroad, 
n | and to write, with proper authorization, such other 
1- articles of special interest to refining plant operating 


in personnel, as may be advisable. 


r | Qualifications for this position should be engi- 
neering training, chemical or mechanical, actual 


experience in refinery operations and a desire to 





write. 

6. | 
>) 

| Preference will be given applications from men 
al | returning from the armed forces. 
c- | 
yn 
od | Letters of application should be addressed to 
i Editor, The Petroleum Refiner, P. O. Box 2608, 
ad | Houston, Texas, and should give age, education, 
nt 
- experience, and salary desired. 
ed 
u- 
o- 
4 
of 
he 
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AND THEY DID! 
And Here's What Happened... 









COMPLETE RECONVERSION TO 


ISLEMM [> 


NITROGEN GENERATORS 
INERT GAS PRODUCERS 


Capacity range from 1000 CFH. to 100,000 CFH. 


Standard and special designs to meet the most unusual, 
difficult and specific requirements. 


Exclusive Features 


@ Product gases of highest quality 
@ Operating range down to 20% capacity 


@ Utmost safety features 
@ Full automatic control 


Ask for Bulletin No. F 901.4 containing complete information 


The ©) M. KEMP stanatacturing co. 


405 E. OLIVER ST. 
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alted by Whitmore for the polymeriza- 
tion reaction. The products predicted by 
the corbonium-ion mechanism for the 
alkylation of isobutane with olefins are 
in good agreement with those found ex- 
perimentally. This reaction mechanism 
also offers a logical explanation for the 
presence of secondary products and the 
reaction conditions necessary to obtain 
satisfactory alkylation of isoparaffins 
with olefins. Only those paraffins that 
possess a tertiary hydrogen atom will 
take part in the reaction. No one has 
observed that normal paraffins react 
with olefins in the presence of concen- 
trated sulfuric acid. The success of the 
alkylation reaction depends on the ratio 
of isoparaffin to olefin. The acid concen- 
tration must be higher than 87 percent 
in order to get a saturated product. A 
large volume of sulfuric acid must be 
used for best results. Since the iso- 
paraffin is only slightly soluble in the 
acid, the probability that the olefin will 
react with the positive fragment. from 
the isoparaffin will be directly propor- 
tional to the efficiency of agitation. Since 
concentrated sulfuric acid is a hydro- 
genation-dehydrogenation agent, the 
presence of diolefins in the olefin feed 
should have no effect on the character 
of the alkylate since they are readily 
hydrogenated to olefins. As an example 
of this, the presence of butadiene in con- 
centrations as high as 22 percent caused 
no change in the composition or yield of 


| alkylate. The only observed effect was 
| the more rapid deterioration of the cata- 


lyst due to dehydrogenation of part of 
the unsaturated hydrocarbon to form 
cyclic olefins as in conjunct polymeriza- 
tion. A bibliography of 30 references is 
included. 


New Pellet Dryer for TCC Catalyst 
Offers Diverse Postwar Uses. J. W 


PAYNE AND C. H. LECHTHALER. Chem. & 


| Met. Engr. 52 (1945) pp. 105-7. 


A dryer was developed for use in 
making TCC catalyst, and it is sug- 
gested that a dryer of this type may be 
useful for many purposes besides dry- 
ing catalysts. Undried pellets were 
flowed downwardly in solid columns 
through screen-wall cells through which 
air was blown. A special arangement of 
baffles was provided in order to assure 
uniform distribution of the heated air. 
The construction of the dryer is shown 
in illustrations and data are given on its 
performance. The dryer is low in first 
cost and in maintenance cost. The au 
thors feel that the type of equipment de- 
scribed should have a wide field of 
usefulness in drying any granular free- 


| flowing material, such as in the drying 


ot grain or foodstuffs, or for contacting 


| a gas with adsorbent as in dehumidify- 





ing of conditioning air. 


Catalytic Cracking of Pure Hydro- 
carbons. B. S. GREENSFELDER, H. H. Voce 
AND G. M. Goon, /nd. & Eng. Chem. 37 
(1945) pp. 1168-76. 


Previous papers in a series by the 
authors described the cracking of a 
number of paraffins, olefins, and naph- 
thenes over a_ silica-zirconia-alumina 
catalyst under conditions similar to those 
employed in the commercial cracking 
The present article reports an extension 
of the work to pure aromatic hydrocar- 
bons. The cracking of 22 aromatic hy- 
drocarbons over a silica-zirconia-alumina 
catalyst is reported. A wide range in be- 
havior was observed, from nearly inert 
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its The addition of a special air-flo fin member is recommended for all 
= Level-Trol types used on applications where operating temperatures range 
ae above 400° F. The fin member radiates and dissipates heat, preventing 
of overheating of the torque tube arm and pilot assembly. Insures accurate 
ee uninterrupted operation under elevated temperature conditions. 

_ Also highly recommended for extremely low temperatures of approxi- 
fy mately 0°F. or below. Prevents possible condensation and freezing within 


the Level-Trol pilot. 
Fin assembly consists of three parts: 


lro- 
'OGI 1. Air-jlo fin adaptor 

37 2. Shaft extension 

3. Shaft coupling change 

th Any type Level-Trol, now in service, can be readily converted to air 
=. fin construction by addition of the three parts mentioned above. 
ph 
a Write for further details. 
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CcESCO 


Acitex Hood 
Proves liself 
Again and Again 


@ Wherever acid-workers have 
used it they have consistently 
acclaimed the new CESCO 
Acitex Hood. They bear out 
the statement that it is made 
of the toughest acid-resistant 
material ever found. It pro- 
vides safety with comfort, too 
—smooth fitting, well venti- 
lated, and available with an 
air feed unit. 


RESISTS THE 6& MOST 
INJURIOUS ACIDS 


Tests and on-the-job experience 
prove Acitex’s resistance to 
Nitric Acid 

Sulphuric Acid 

Carbolic Acid 

Acetic Acid 
Hydrochloric Acid 
Hydrofivoric Acid 








PX 


Write today for full details about 
this Acitex Hood 






CHICAGO EYE SHIELD CO. 


2344 Warren Bivd. 
Chicago 12, Illinois 



























| once-through 
may contain 9 percent of Cs- and-lighter - 
| fractions consisting of ethylene, while 


compounds such as toluene or biphenyl 
to highly reactive compounds such as 
aromatics with substituent alkyl or cy- 
cloalkyl groups containing three or more 
carbon atoms, for which the removal of 
the whole substituent group is the chief 
cracking reaction. Catalytic cracking of 
the aromatics is compared and discussed 
in relation to thermal cracking of these 
compounds, Catalytic cracking is much 
faster, perhaps 100 to 10,000 times as 


| fast, and takes place preferentially at 


the bond next to the aromatic ring in- 
stead of in the constituent group. Crack- 
ing of the several classes of hydrocar- 
bons is compared. In catalytic cracking 
the stability of the compounds of a given 
number of carbon atoms increases in 
the order: olefins, aromatics with C, or 
larger substituent groups, naphthenes, 
polymethyl aromatics, paraffins, and un- 
substituted aromatics. This order differs 
substantially from that found to be true 
for thermal cracking. As compared to 
thermal cracking, catalytic’ cracking 
gives rise to: (1) more selective crack- 
ing and relatively less of the smaller 
(C, and C;) fragments; (2) more olefin 
isomerization, both of double bonds and 


| of the carbon skeleton; (3) a more con- 


trollable saturation of double’ bonds, 
especially in the fractions of higher 
molecular weight; (4) greater produc- 
tion of aromatics (except at extreme 
thermal conditions); (5) less diolefin 
production; (6) relatively more coke. 
The data secured in the course of the 
work are shown in some detail in 6 
tables and 6 figures, and a bibliography 
of 15 references is included. 


Thermal Cracking of Petroleum. H. C. 
Sunc, G. G. Brown anv R. R. Wuirtr. 
Ind. & Eng. Chem. 37 (1945) pp. 1153-61. 

Data were obtained on the thermal 


| cracking of virgin close-cut fractions and 


s 





commercial combined-feed stock. The 
effect of time, temperature, pressure, 
and type of charging stock on the dis- 
tribution and type of product and on the 
rates of the reactions has been evaluated 
from the experimental results. Specific 
rates of reaction for the decomposition 
of the close-cut fractions for the produc- 
tion of gas and light distillate of various 
end points were calculated. The specific 
polymerization rates of gas and gasoline 
were determined, and qualitative infor- 
mation was obtained on the rate of for- 
mation of coke. An increase in tempera- 
ture increases all the reaction rates. In 
general an increase in temperature in- 
creases the ultimate yield of the volatile 
materials more than the yield of the 
heavy polymers and coke. An increase 
in pressure results in a decrease in the 
rate of polymerization and coke forma- 
tion in mixed-phase processes. An in- 
crease in pressure materially reduces the 
ultimate yield of coke produced by poly- 
merization at the same percentage con- 
version. An increase in percentage con- 
version increases the proportion of gas 
and coke formed, but decreases the pro- 
portion of gasoline and other light liquid 
fractions produced. The character of the 
charging stock influences decomposition 
and also polymerization and coke forma- 
tion. From the standpoint of keeping 
the ratios of gas to gasoline and coke to 
gasoline low, for the partially cracked 
stock of wide and low boiling range, 
high temperature under high pressure at 
low percentage conversion seems most 
desirable. For virgin close-cut fractions, 
high pressure coupled with moderate 
temperature and moderate percentage 
conversion is most favorable. The data 
secured in the course of the work are 
presented in considerable detail in six 
tables and ten figures, and a bibliography 
of 13 references is included. ' 





Products: Properties and Utilization 





Petroleum Byproducts—A Big Factor 
in Organic Chemical Industry. A. Chem. 
& Met. Report. Chem. & Met. Engr. 52 
(1945) pp. 121-28. 


Outstanding among the wartime 
achievements is the mass production of 
butadiene, styrene, toluene, cumene, iso- 
butane, and isobutane-olefin alkylates, 
and the providing of large quantities of 
olefinic gases for use in the synthesis of 
other chemicals and chemical products 
such as synthetic rubbers and plastics. 
Gases from thermal cracking may con- 
tain from 12 to 25 percent of C.-C, 
olefins. A typical cracked gas of this 
type would yield 5.8 percent ethylene, 
10.5 .percent propylene, 1.4 percent 


| butene-1, 0.2 percent butene-2, and 0.8 


percent isobutylene. Data on a gas from 
fluid catalytic cracking 


the propylene content may approximate 
30 percent of the total and is sometimes 
as high as 50 percent. Since this fraction 
is from 6 to 14.5 weight-percent of the 
charge, there is no doubt that enormous 
quantities of light olefinic “building 
blocks” will be available. Methane also 
is an important source of organic com- 
pounds. A chart is given showing the 
numerous products now produced from 
methane. A similar chart is given for the 
products made from ethylene. Charts are 
also given for propylene. The utilization 





of pentane is reviewed. A bibliography 
of 18 references pertaining to the utiliza- 
tion,of petroleum as a chemical raw ma- 
terial are given. 

Lubrication of Metal Surfaces by 
Fatty Acids. F. P. Bowpen, J. N. Grecory 
AND D. Tapor. Nature 156 (1945) pp. 97- 
101. 


The nature of the substrate has an im- 
portant effect on the efficiency of fatty 
acids as lubricants. Metals that are re- 
active enough to form soaps, e.g., zinc, 
cadmium, copper, and manganese, are 
efficiently lubricated by 1 percent lauric 
acid in paraffin oil. The materials that 
are unreactive with the fatty acids, such 
as platinum, nickel, chromium, and 
glass, are poorly lubricated. The tem- 
perature at which transition from smooth 
to stick-slip motion occurs is also much 
higher for the active metals. This is 
regarded as evidence that soap forma- 
tion has occurred, since soaps such as 
cadmium palmitate in solution or as 
solid, lubricate both types of materials 
and show the same high transition tem- 
peratures. The transition temperature is 
regarded as the melting point of a solid 
adsorbed soap film or its point of solu- 
tion in the solvent, both of which will 
decrease the load-carrying capacity of 
the film. It is concluded that the func- 
tion of the lubricant in boundary lubri- 
cation is to interpose a layer that is not 
easily penetrable between the moving 
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The illustrations show a representative selection from the 
dozens of different CROUSE-HINDS Panelboards—each 


designed for its own purpose. 


Panelboards and Distribution Centers 


. 





No. 6 


of a series of advertisements which demon- 
strate that CROUSE-HINDS “complete 
line’”’ means much more than just a range 
of sizes — there is a wide variety of highly 
specialized types in each classification. Type GUSC Explosion -Proof, 
Dust-Tight and Weatherproof 





Type YSW Vaportight and 








Weatherproof Condulet 
with Four Circuit Breakers Type DVS Dust-Tight 
Vaportight and Weatherproof 
Condulet with Two 
Circuit Breakers 


Condulet with Two 
Circuit Breakers . 

Type ESP Explosion-Proof, 

Dust-Tight, Vaportight and 
Weatherproof Panelboard 


with Four Circuit Breakers 


Type GUSC Explosion -Proof, 
Dust-Tight and Weatherproof 
Condulet with Four 


Type DVS Dust-Tight Circuit Breakers 


Vaportight and Weatherproof 
Condulet with Six 
Circuit Breakers 


Type EDP Explosion-Proof, Dust- Tight, 
Vaportight and Weatherproof Panelboard 
with Six Circuit Breakers 


Type DVP Dust-Tight and 
Vaportight Panelboard with 


Type DVP Dust-Tight 
Sixteen Circuit Breakers 


and Vaportight Panelboard 
with Eight Circuit Breakers 


Type WBP Weatherproof 
Panelboard with Six 
Circuit Breakers 
Can Be Padlocked 


Type EDP Explosion-Proof, Dust-Tight, 
Vaportight and Weatherproof Panelboard 
with Sixteen Circuit Breakers 


Type EDP Explosion-Proof, Dust-Tight. 

Vaportight and Weatherproof Panelboard 
with Four Circuit Breakers iE teteteh atel= 

stribution 

Thr: gh Electrical 
Wholesalers 


Explosion-Proof Distribution Cente: 


Complete listings of each type are 
in Condulet Catalog No. 2500. 


CROUSE-HINDS COMPANY 
Syracuse 1, N. Y., U.S.A. 


Chicago — Cincinnati — Cleveland — Dallas — Denver — Detroit — Houston — Kansas City — Los Angeles — Mil 
New York — Philadelphia — Pittsburgh — San Francisco — Seattle 
CROUSE-HINDS COMPANY OF CANADA, LTD., Main Office and Plant: TORONTO, ONT. 


CONDULETS - TRAFFIC SIGNALS - AIRPORT LIGHTING - Seles] Sici ae 
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Oltices: Birmingham — Boston — Buffalo — waukee — Minneapolis 
— St. Louis — Washington. Resident Product Engineers: Albany — Atlanta — Charlotte 

































































THAT unusual-looking piece of 
equipment pictured below is a highly 
successful device developed by Oak- 
ite Research Engineers for the im- 


portant purpose of speeding up 
cleaning of tank car interiors. It is 
known as 


Oakite 
Interior Tank 
Cleaning Unit 

No. 324 


This scientifically engineered unit has 
proved itself capable of cleaning out 
MORE tank car interiors per day at 
substantially lower cost. Up to 50% 
savings in time .. . 40% savings in 
cost have been reported. 


The Oakite Interior Tank Car Clean- 
ing Unit delivers a hot Oakite clean- 
ing solution under tremendous pres- 
sure and in such a way as to reach 
every inch of fouled interior surface. 
All deposits are removed. No pre- 
liminary steaming-out is required. 
Rinsing is accomplished with the 
same unit. 


FREE DETAILS! 


If you aré looking for 
a successful- way to 
expedite cleaning of 
YOUR tank car in- 
teriors investigate this 
low-cost Oakite meth- 
od. The personal serv- 
ices of our Technical 
Service Engineers are 
freely available. Ask 
us for a copy of Spec- 
ial Service Report 
giving complete de- 
tails. Inquiries invited 
promptly an- 





swered! 


OAKITE PRODUCTS, INC. 
508 Themes Street, New York 6, N.Y. 
Technical Service Representatives Located in All 
Principol Cities of the United States and Canado 























surfaces, thus reducing the area of me- 
tallic contact. Friction is then the sum 
of the shear strengths of the metallic 
junctions and of the lubricant film. 


Flow Test for Asphaltia Bitumens. 
Jour. Inst. Petr. 31 (1945) pp. 450-51. 


A test for the flow of asphaltic bi- 
tumens at temperatures below which the 
determination of viscosity is difficult, is 
described. The test involves the meas- 
urement of the extent to which the sam- 
ple flows in a special mould. The sam- 
ple is flowed into the mould and is 
cooled for one hour at room tempera- 
ture. The test sample is then placed in a 
thermostatically controlled oven and the 
extent of flow is measured directly. 


Book Review 


aa Ta A 


Gas Analysis and Testing of 
Gaseous Materials 


V. M. Altieri, published and sold by 
American Gas Association, 420 Lexington 
Avenue, New York 17, New York. $7.50 
(A.G.A. Members $5.00). 

This new book of standards for gases 
and gases containing liquids is the result 
of assignment the author took of revis- 
ing the grs analysis chapter of “Gas 
Chemists’ Handbook.” In writing the text 
to cover subjects listed by the revision 
committee sufficient material was pro- 
vided to comprise three fourths of the 
information in the twenty chapters and 
reference and index material. FE. L. 
Sweeney, chairman of the revision com- 
mittee, has given this estimate of the 
scope of the work in a foreword: 

“This treatise is a comprehensive book 
of standards on gas analysis and testing 
of gaseous materials. Its thorough index 
gives a bird’s-eve view of each subiect, 
instantly enabling the reader to find es- 
sential principles. methods, specifications, 
tests, interpretations and related matters. 
It correlates information widely scat- 
tered throughout the technical literature 
together with unpublished information 
generously contributed by contemporary 
workers in many scientific and _ tech- 
nological fields.” 

In his preface the author gives this 
explanation of his effort to satisfy the 
needs of different readers: 

“T have presented detailed but concise 
directions, thoroughly indexed, for lab- 
oratory and plant technicians: theory, 
mathematical concepts and_ literature 
references for chemists, physicists and 
engineers; and matters of general in- 
terest for executives. and persons who 
usually do not need nor want highly 
specialized technical information.” 


Betz Handbook of Industrial 
Water Conditioning 


W. H. and L. D. Betz, Gillingham and 
Worth Streets, Philadelphia, Pa. 172 
pages; $1.00. 

An up-to-date text for study, reading 
or reference covering industrial water 
conditioning in all its phases. The book 
contains 54 chapters and is divided into 
two sections. The first section entitled 
“Water Treatment” contains detailed 
discussions of the chemical and me- 
chanical processes available for the 
treatment of. water for industrial use, 


covering such subjects as coagulation,. 


filtration, lime-soda softening, anion ex- 
change, silica removal, boiler-scale for- 
mation, embrittlement, slime and algae 
control, etc. The second section entitled 








“Water Analyses” deals with the im- 
purities in water, how they originate, 
how they can be removed and methods 
of analyses suitable for plant control. 


Socony-Vacuum Book 
Details Airplane Lubrication 


The aviation department of Socony- 
Vacuum Oil Company has just pub- 
lished a booklet, “Aircraft Lubrication,” 
in which a difficult technical subject is 
handled in such a way to make it easily 
comprehended by pilots of light planes 
as well as by skilled mechanics of four- 
engine transports and cargo planes. The 
96-page manual is illustrated with detail 
scale drawings, many in five colors. 

Realizing that an appreciation of cor- 
rect lubrication depends on understand- 
ing the mechanics of aviation, the authors 
have devoted the early part of the text 
to describing the equipment of a plane, 
what it does and how it operates. Ex- 
planation is then made of parts needing 
lubrication, methods of application, what 
lubricants must do, characteristics of 
oils and greases, how and where lubri- 
cants are obtained, and benefits derived 
from using high-grade lubricants. 

Lubrication problems of: the automo- 
bile and of the plane today are far 
different from each other, it is observed. 
When Socony-Vacuum engineers first 
encountered the problems of aviation- 
engine lubrication and through the years 
of spectacular first flights from the 
Wright Brothers’ to the Polar and round- 
the-world achievements, top-quality auto- 
mobile engine oils satisfactorily lubricated 
the low-powered engines of the pioneer- 
ing era. Today’s huge but relatively 
light-weight power plants and the opera- 
tion of planes at great altitudes in widely 
varying temperatures put demands on 
aircraft lubricants which automobile oils 
and greases never have to meet. 

What these lubricating problems are 
and how Socony-Vacuum has solved 
them are all explained in the manual 
with a clarity and thoroughness that 
should leave no misunderstanding. 


Chemical Exposition to 
Show Progress During War 


For its twentieth showing the Exposi- 
tion of the Chemical Industries will 
return to Grand Central Palace, New 
York. Dates are February 25 through 
March 2. The exposition has been held 
bi-annually since 1915 but its last meet- 
ing had been held in Madison Square 
Garden. 

The coming exposition will have the 
advantage of developments of wartime, 
which previously were in the restricted 
class. On this a recent news release was: 

“Many of the inventions that were 
bound up in the secret military program 
are now available for adaptation to com- 
mercial uses. Many commercial prod- 
ucts and processes that were restricted 
to government uses during the war now 
are available to free enterprise. New 
manufacturing techniques have multi- 
plied to an extraordinary degree since 
the last of these expositions and are now 
available for the first time and it is 
safe to say that more new developments 
will be revealed in the forthcoming event 
than at any of its predecessors.” 

In January the exposition had 375 
exhibitors with the final total subject 
to adjustment of space requirements. 
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ERE’S another example of the 





skill of Flori’s master pressure 
welders: 


ly 
yn 
Is 


Propane gas storage tank, 24” o.d, 
by 14/0” long, welded under ASME 
Power Boiler Code, Hartford. inspected. 


re 


al 


. Designed to withstand propane gas, 
a 


100 P.S.I. W.P. at 150° F. Six gauge 
outlets. 


Flori-Welding is your assurance of 
highest craftsmanship and unques- 
tioned dependability in the toughest 
kinds of service. 
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“GUNITE” 


CONCRETE LININGS 


























FOR: 


BUBBLE TOWErS @ STILLS @ HOT OIL 
SEPARATORS + STORAGE TANKS @ RE- 
FINERY VESSELS OF ALL TYPES @ EN- 
CASING AND FIREPROOFING STRUCTUR- 
AL STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS @ REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 


WRITE — PHONE — WIRE 


GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 


1301 Woodswether Road 
KANSAS CITY 6, MISSOURI 
District Branch Office: 
228 NORTH LA SALLE STREET, CHICAGO 1, ILL 


Branch Offices: 


ST. LOUIS, DENVER, DALLAS, HOUSTON, 
NEW ORLEANS 
































bE SER A GC Gsm: ODE § 


Heapouanrers 
FOR 
EVERLASTING 
FASTENINGS 


. non-rusting, non-corroding bolt 
and nut products of brass, capper, 
bronze, Monel or, stainless steel. 
Large stocks. Specials made to 
order. Write for circular. 

THE H. M. HARPER COMPANY, 
2620 Fletcher Street, Chicago 18, 
Illinois. Branch offices or represen- 
tatives in principal cities. 







HARPER 
Uva b 
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Edward Appoints Pool to 
Experimental Research Position 


E. B. Pool, for ten years a mechanical 
and experimental engineer with Chrysler 
Corporation, has been 
appointed to conduct 
a new type of valve 
research work by 
Edward Valves, Inc., 
East Chicago, Indiana. 
The appointment was 
announced by L. H. 
Carr, the company’s 
director of research. 

Pool will specialize 
in stress and strain 
experiments and pio- 
neering investigations 
in flow characteristics 
and pressure drop in 
addition to other me- 
chanical and metallurgical research work. 

During the war he was in charge of 
the physical testing laboratories and ma- 
terial and process standards at the Dodge- 
Chicago plant, operated by Chrysler. He 
is a graduate of Princeton University. 


E. B. Pool 


Research Workers Join 
Arthur D. Little 


Five new men formerly 
war research projects have 
staff of Arthur D. Little, 
bridge, Massachusetts. 

Dr. W: H. Avery, physical chemist, 
formerly with Allegany Ballistics 
Laboratory. Dr. Richard Handrick, or- 
ganic chemist, was at the University of 
Pennsylvania, and Winslow A. Sawyer, 
mechanical engineer, was with the Army 
Ordnance Department. Raymond M. 
Hainer, physical chemist, was at Brown 
University and Richard F. Messing, 
chemical engineer, served with the Office 
of Scientific Research and Development. 


engaged in 
joined the 
Inc., Cam- 


was 


Mathieson Alkali Works 
Announces Sales Changes 


John O. Logan has been appointed 
assistant general manager of sales for 
The Mathieson Alkali Works and will 
have headquarters at New York. Harry 
P. Smith has been appointed New York 
district manager, a post formerly held 
by J. B. Peake, who continues as an 
assistant general manager of sales. 
Logan joined the organization in 1931 





H. P. Smith 


Suppliers 








as research assistant, and has been tech- 
nical representative in the sales depart- 
ment, assistant manager of the technical 
sales department, and most recently was 
Western sales manager at Chicago. He 
received his B.S. degree, at Shurtleff 
College, Alton, Illinois; where he ma- 
jored in chemistry and mathematics. He 
has taken out patents on generation of 
chlorine and manufacture and use of 
sodium chlorite, and has authored tech- 
nical papers on ammonia, water treat- 
ment, bleaching and dry cleaning. 

Smith, a graduate of Columbia Uni- 
versity, was president of George Chemi- 
cal Company before joining The Mathie- 
son Alkali Works. 


Downing Joins Cook Electric 
gongs s Engineering Staff 


Downing has been ap- 
stated director of research for Cook 
Electric Company, Chicago. 

After undergraduate work at Mount 
Allison and Dalhousee Universities in 
his native Canada, Dr.. Downing attend- 
ed Massachusetts Institute of Technol- 
ogy where he received his doctor of 
philosophy degree in physics in 1942. At 
M. I. T. he worked on development of 
the cyclotron and pioneered in the field 
of nuclear spectroscopy. Since 1942 his 
major work has been on the atomic 
bomb project, and in development of 
high-vacuum equipment for industry. It 
was in connection with his work on the 
atomic bomb that he became acquainted 
with the activities of Cook Electric 
Company, also engaged in projects con- 
nected with the atomic bomb. 


Ir. James R. 


Sherwood Assistant to President 
Of American Locomotive Company 


Roland A. Sherwood has been ap- 
pointed assistant to the president of 
American Locomotive Company. He will 
make headquarters at the company’s 
general offices, 30 Church Street, New 
York. 

Sherwood joined the company in 1939 
and became assistant to the executive 
vice president last September. He is a 
graduate of Columbia University. 


Oliver United Filters Names 
Mexican Representative 


Oliver United Filters, Inc., has an- 
nounced appointment of Western Mach- 
inery Company, S. A., Mexico, D. F., 
as its agents in Mexico and Central 
America, particularly in connection with 
sales of filters, pumps and accessories to 
the chemical and metallurgical indus- 
tries. 


Tube Turns Announces Two 
Sales Staff Promotions 


Jack Green has been appointed sales 
manager of the welding fittings division 
of Tube Turns, Incorporated, Louisville, 
Kentucky, and has been succeeded in his 
former position as assistant sales man- 
ager of the division by Tom Pike. 

Green attended University of Ken- 
tucky and was with American Radiator 
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FREE ILLUSTRATED 
BULLETIN 

Send for Stoelting Timer 
Bulletin No. 1100. Includes il- 
lustrations, wiring diagrams, 
technical data, and complete 
information on stop clocks, 
chronoscopes, impulse coun- 
ters, stop watch controllers, 
and X-ray timers. 


424-L N. HOMAN AVE. 






7 


nhvdrous 


¢ 


Eftective and practical 
alkylation catalyst 
the production of high 
octane motor fuels. 


Of interest in the 
duction of organic 
rine compounds, and in 
the synthesis of other 
organic compounds. 


PENNSYLVANIA SALT 
MAN Uf 


TURING C 
1000 WIDENER BUILDING, PHILADELPHIA 7, PA. 


New York « Chicago « St. Lovis « Pittsburgh 
Cincinnati « Minneapolis « Wyandotte « Tacoma 


Table model electric stop clock 
with a-c clutch and toggle switch 


4. STOELTING <o. 


INDUSTRIAL DIVISION 
CHICAGO 24, ILLINOIS 





Jack Green Tom Pike 
ana Standard Sanitary Corporation as 
branch manager before joining Tube 
Turns in 1941. He was district manager 
at Chicago until becoming assistant sales 
manager of the division in 1943. 

Pike is a graduate of University of 
California (Los Angeles) and is a spec- 
ialist in refinery and oil-well equipment. 
He had experience in the oil fields and 
sale of oil equipment before becoming 
West Coast district manager for Tube 
Turns in 1940. 


Protin Heads Research for 
Pittsburgh Steel Company 

E. J. Protin has been appointed vice 
president in charge of a newly created 
products development research division 
of Pittsburgh Steel Company. He pre- 
viously was vice president in charge of 
operations, in which position he has 
been replaced by J. H. Morrison, who 
recently joined the company as general 
works manager. 

Protin, a director of the company, 
has been active in developing products 
for the oil industry. 


~ ACCURATE INSTRUMENTS 
for 
PRECISION TIMING 


The Stoelting table model electric stop clock is 
an accurate timer for a wide variety of industrial 
and laboratory tests . . . such as measuring start- 
to-stop intervals of relays and instruments, and for check- 
ing sequence operations. 

Timer with a-c clutch has toggle switch for manually 
starting the pointer. Timer with d-c clutch has binding 
posts only for attaching d-c control circuit for starting 
and stopping the pointer. Both timers have a-c clock mo- 
tors, and pointers are reset with knob. 

The Stoelting electric timer and impulse counter is an 
accurate, dual-purpose instrument for counting individual 
electric impulses’ or for 
use as a chronoscope. 

When used as timer, 
11-16 v current is taken 
from step-down trans- 
former. When used as 
counter, direct current 
only is used. Counter ce- 
pacity — 7,200 impulses. 





Electric. 
timer and 
impulse 
counter 
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Gamble Sales Assistant 
To President of Monsanto 


Edward W. Gamble, late major on 
the general staff of the Seventh Army 
in Europe, has been appointed sales as- 
sistant to William M. Rand, president 
of Monsanto Chemical Company, and 
will have headquarters at St. Louis. 

A graduate of University of Virginia, 
Gamble from 1922 to 1942 was a sales 
and administrative executive of New 
York biokerage and investment banking 
houses, and through much of the war 
period served as an officer of the Office 
of Strategic Services. 


Lewis L. Dollinger, Jr., 
Rejoins Dollinger Corporation 


Lewis L. Dollinger, Jr., is again as- 
sociated with Dollinger Corporation, fol- 
lowing five years of 
military service, in- 
cluding more than 
two years as officer 
of an anti-aircraft 
battalion in the 
European theater. 

In addition to 
duties connected with 
his recent election as 
vice president of the 
company, Dollinger 
will act in a sales en- 
gineering capacity. 
He is a mechanical 
engineer, Cornell 
University class of 
1938, and spent over 
two years in the enginéering and sales 
department of Dollinger Corporation be- 
fore entering military service with the 
209th Coast Artillery. 





L. L. Dollinger, Jr. 


Owens-Corning Fiberglas 
Acquires Kansas City Plant 


Owens-Corning Fiberglas Corporation 
has acquired from RFC property at 
Kansas City, Kansas, upon which it will 
erect a plant to produce building insula- 
tion and roofing materials, pipe wrap for 
underground corrosion protection, in- 
dustrial insulation and equipment insula- 
tion. Included in the purchase is a 
building started for a rubber processing 
plant upon which work was halted by 
the war’s end. Adaptation of the build- 
ing requires major engineering changes, 
it was said. 


Bechtle Representing Wyatt 
Metal and Boiler in East 


J. F. Bechtle, effective January 1, was 
appointed Wyatt Metal & Boiler Works 
representative for the 
New England States 
comprising New 
York, Pennsylvania, 
Delaware, Maryland 
and the District of 
Columbia with head- 
quarters in New 
York City. 

Bechtle was em- 
ployed by The M. 
W. Kellogg Com- 
pany for a number 
of years, where he 
spent much time in 
the metallurgical and 
research division det 
veloping arc welding 
methods beginning with the development 
of welding-rod coating, designing and 
installing automatic welding machinery 
and in development work in the low 





J. F. Bechtle 
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YOUR PLANT NEEDS THE PROTECTION THAT Qzy 
UNIBOLT FURNACE FITTINGS CAN GIVE IT 


In recent years the trend toward 
higher cracking and reforming tem- 
peratures has presented numerous per- 
plexing furnace fitting problems. Most 
engineers agree that when furnace 
temperatures exceed 1000°F, “rolled- 
in” header connections and plug type 
closures should not be expected to per- 
form efficiently. Seal welding, re-rolling 


THORNHILL-CRAVER COMPANY 





Streamlined Return Bend 


after coming off-stream, lapping-in 
plug closures and other expedients, all 
of them costly and time-consuming, 
provide only temporary relief at best. 

To those operators who are faced 
with the problem of handling light 
gases or corrosive charging stocks at 
extremely high temperatures we offer 
UNIBOLT Streamlined Return Bends as 


HOUSTON, TEXAS 


the logical solution. Proof of their effi- 
cient performance at elevated tempera- 
tures is the fact that these fittings 
have been used in furnaces whose out- 
let temperatures range up to 1600°F. 
Complete details will gladly be fur- 
nished on request, as well as Bulletin 
R-42 which clearly illustrates the 
unique mechanical design of UNIBOLT 
Furnace Fittings. 
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UNIBOLT 





REFINERY FITTINGS 





90° Ell or Corner Fitting 
















































































Bulletin 8015 
packed, manually 
electrically 
tripped valve. 


reset, 


Bulletin 8010- 
packless, used 
with push button 
reset relay for re- 
este) (ommbest-beltt- | Mace 
setting; Factory 
Mutual approved. 


Bulletin 8025 
plain safety shut 
off, manually reset, 
no-voltage release; 
general purpose. 










We also manufacture a quality line of 
Automatic Transfer Switches, Remote Contro] Switches, 
Contactors and Relays 


Aulomatic Switch Co. 


41-F EAST 11th STREET * NEW YORK 3, N. Y¥.' 
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and higher alloys, as well as solid alloys. 
He also worked in the estimating and 
general engineering division, after which 
he was placed in a managing and execu- 
tive capacity until he was transferred to 
the purchasing department during which 
time he visited various shops through 
the country. He left Kellogg to become 
assistant general manager for the Stand- 
ard Steel Company of California. 


New Company Plans Expansion 
Of Cochrane Meter Line 


Penn Industrial Instrument Corpora- 
tion, 3116 North 17th Street, Philadel- 
phia, has. been or- 
ganized and has pur- 
chased the flow-me- 
ter division of Coch- 
rane Corporation. 
The new company, 
it is announced, will 
manufacture. the 
present line of Coch- 
rane flow meters ex- 
clusively for The 
Hays Corporation, 
Michigan City, In- 
diana, which will 
market them under 
the name Hays- 
Cochrane meters. 
Also it expects soon to announce a line 
ot air-operated controllers for tempera- 
ture, pressure, flow and level to be 
marketed through Cochrane representa- 
tives, who have offices in 42 United 
States and Canadian cities. 

Penn Industrial Instrument Corpora- 
tion is headed by William C. Bennett, 
president and general manager, with 
William Melas as vice president and 
chief engineer, and Kenneth C. Markley, 
vice president and works manager. W. 
B. Heinz, in charge of Cochrane auto- 





W. C. Bennett 


matic control development since 1941, 
and F. W. Hankins, for the past seven 
years merchandising consultant for 


Cochrane, are members of the board of 
directors of the new company. 


Can Manufacturers Institute 
Re-Elects Executive Officers 
George A. Milton, president of George 


A. Milton Can Company, Brooklyn, 
New York, has been re-elected president 
of the Can Manufacturers Institute. 


Milton has been an active member of 
the institute since its formation in 1939. 
Also re-elected were H. Ferris White 
executive vice president, and Clifford 
Sifton, secretary and treasurer. The new 
board of governors includes R. Amund- 
sen, The Texas Company; C. H. Black, 
American Can Company; E. D. Murphy, 
National Can Corporation; C. C. Con- 
way, Continental Can Company; J. F. 
Egenolf, Continental Can Company; 
D. W. Figgis, American Can Company; 
W. H. Funderburg, Continental Can 






H. F. White G. A. Milton 
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DIRECTED FLEXING AND 
ALL-CURVE CORRUGATIONS 


mean even distribution of stresses 


and longer life 


Lice a chain and its links, an expansion joint is only as 
strong as its weakest point. 

Badger Joints are designed with ALL-CURVE cor- 
rugations to prevent stresses from localizing in pockets, 
junctions, or against straight sides. 

As a further assurance of uniform all-over flexing, 
Badger Self-equalizing Rings*— also in ALL-CURVE 
design — follow the contour of the corrugations and 
direct the distribution of stresses evenly among all the 
corrugations and also throughout each corrugation. 

Excessive flexing or stress at any point is simply 
impossible. . . . Which means that when you install 


Badger 


CORRUGATED 


Badger Packless Corrugated Self-equalizing Expansion 
Joints in steam, gas, oil or other high-pressure lines, you 
have the most dependable, longest lasting expansion 


joints on earth! 
*Exclusive in Badger Joints 


SEND FOR BULLETIN No. 100 giving further information 
about the highest quality product of its kind. Made in Copper 
for normal pressures and temperatures; in Stainless Steel for 
higher requirements —and where corrosion is a problem. 
Available in single or multiple corrugations —for traverses 
from a fraction of an inch upward. Also made in Non- 
equalizing type (without rings) for uses that do not require 
added protection. 


E. B. BADGER & SONS CO. « 75 Pitts St., Boston 14, Mass. 
AGENTS IN PRINCIPAL CITIES 


EXPANSION JOIrNTS 
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See Your Supply House or write for Bulletin S-200 


YARNALL-WARING COMPANY 


. 128 MERMAID AVENUE 


YAR WAY STRAINERS 











FROM CLOGGING 
STEAM EQUIPMENT 


~, 





STRAINERS 


“The Screen’s the Thing” 
@ A High Grade Monel Woven 





Wire Basket with mesh fine 
enough to catch the. dirt — 
yet ample free area for pass- 
age of clean condensate, oil 





and other fluids. 


®@ Body Cadmium Plated In- 





side and Out for Protection 
Against Corrosion. 





®@ Readily Removed Steel Blow- 





Of Bushing. 





@ Bushing Automatically 


Aligns Screen. 





@ Thousands in Use—Sold by 
Over 100 Mill Supply Houses. 








sures up to 600 Lbs. 


PHILADELPHIA 18, PA. 








Company; D. M. Heekin, Heekin Can 
Company; V. K. LeComte, LeComte & 
Company; Milton I. E. Sexton, Sexton 
Can Company; R. S. Solinsky, Cans 
Incorporated; J. A. Stewart, American 
Car Company; H. K. Taylor, George D. 
Ellis & Sons, Inc., and E. B. Webster, 
Crown Can Company. 


Tube Turns Assigns Ellsworth 
To New Office in Detroit 


Tube Turns, Inc., Louisville, Ken- 
tucky, has opened an office at 713 Ford 
Building, Detroit, in 
charge of Jack Ells- 
worth, He will rep- 
resent Tubs Turns’ 
forging and welding 
fittings divisions, and 
his territory will 
include Michigan, 
Northeastern Ohio, 
North Illinois, and 
Indiana, except 
Whiting and East 
Chicago. Before as- 
suming his new post, 
he was assistant dis- 
trict manager of the 
Midwest territory, 
with headquarters in Chicago. 

Ellsworth attended the Wisconsin 
School of Mines and began his business 
career as an erection engineer for Fair- 
banks Morse & Company. He was a 
member of Ford Motor Company’s me- 
chanical and structural engineering staff 
in Detroit and Pittsburgh, and was as- 
sociated with the Ellsworth Pipe & 
Supply Company, Milwaukee, before 
joining Tube Turns in December, 1940. 





Jack Ellsworth 


Collins Opens New Office 
For Sarco in Washington 


Sarco Company has opened a new 
office at 1129 Vermont Avenue, N. W., 
Washington 5, in charge of H. F. Col- 
lins. 

Collins, lately a major with the United 
States Army Engineers, was the com- 
pany’s representative in Eastern Penn- 
sylvania for a number of years and is 
thoroughly familiar with its line of 
steam traps and steam specialties. 


Ethyl Corporation 
Announces Two Appointments 


George P. Rosser has been appointed 
assistant manager of the Kansas City 
division of Ethyl Corporation, and Ger- 
ald A. Lofquist assistant manager of the 
Chicago division. 

Rosser has been with the corporation 
since 1930 and recently was released 
from the Army with the rank of lieu- 
tenant colonel. He was assistant man- 
ager of the Atlanta division before enter- 
ing military service in 1942. 

Lofquist became associated with the 











G. P. Rosser G A. Lofquist 
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It isn't what we think ... but 


| WHAT DO U/ou THINK 
, of the new 1945-46 


REFINERY CATALOG? 
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Since the new Refinery Catalog is the biggest yet published .. . 
since it contains a wider range of items. . . carries more pages 
in of catalog data .. . and since it represents the greatest number 
r- of manufacturers ever to use a single edition, we feel, naturally, 
.. that it is the most helpful from the standpoint of the refinery buyer. 


& However, that is only our idea; the real worth of the Catalog to 
sy you can be assayed only by you who use it. 


Have you found it as complete as we announce it to be? 


: ‘ Have manufacturers given you enough details about each item 
- listed? 


n- Have you looked for an item of equipment and found that it was 
is not listed? 


Have you looked for anything and found it to be among those 
not present? 


ty To help us build a better cataloging service for the refining in- 
dustry your comments are necessary; otherwise we could coast 
along satisfied that our job was being done in a manner that 


ed meets with the general approval of equipment buyers. 

rm 

“ Tell us frankly what you find wrong. That is just as helpful and 

he just as welcome as knowing that everything meets with your 
approval. 


| Refinery Catalog 


The Gulf Publishing Company 
- Houston, Texas 
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PALMETTO 
High-Pressure 
Folded Asbestos 
Gaskets 
Asbestos Metallic 
Sheet Packing 
Asbestos Metallic 
Gasket Tape 
NOW 
AVAILABLE 

































PACKING 
SELECTIONS 
MADE EASY 


You can always put your finger on the RIGHT 
choice for every service when you standardize 
on PALMETTO Packings. 


That’s because the PALMETTO line is SIMPLE, 
yet COMPLETE. 


No complexities, no uncertainty ... for each 
grade gives good results in a broad range of 


applications. 


Our handy Packing Application Chart will 
help you make a selection for trial . . . write 
for your FREE copy. 


GREENE, TWEED & CO. 


Bronx Boulevard at 238th Street, New York 66, N. Y.~ 
* 
Plants at New York, N. Y., and North Wales, Pennsylvania 


PALMETTO 


e KLER 


Self Lubucaling, PACKINGS 





corporation in 1939, as a field engineer 
in Illinois. For the past three years he 
has been safety engineer with the Chi- 
cago division. 


New Company Will Make 
Stainless Pressure Vessels 


Rotary Electric Steel Company has or- 
ganized a wholly-owned subsidiary 
known as Stainless Products, Inc. 

The new subsidiary, which will oper- 
ate in a plant recently acquired in Eliza- 
beth, New Jersey, will produce stainless, 
monel, nickel and special alloy contain- 
ers, retorts, pressure vessels, process and 
other fabricated equipment for the oil, 
chemical, and other industries. 

Management of the new company will 
consist of N. D. Devlin, president of 
Rotary Electric Steel Company, as 
chairman of the board; C. R. Vincent, 
Jr., president and general manager; 
P. T. Wharton, vice president, and 
Haldeman Finnie, secretary-treasurer. 


Durabla Manufacturing Company 
Occupies New Valve Plant 


Durabla Manufacturing Company has 
moved its valve plant from Berwyn 
to a newly reconstructed building at 
Wayne, Pennsylvania. 

The new plant has been laid out with 
special reference to easily accessible 
storage of raw materials and component 
parts; efficient routing through assembly 
and machining areas; and carefully ar- 
ranged assembly areas. 

The company’s home office is at 114 
Liberty Street, New York, and branch 


| offices are located in Chicago, Pitts- 





burgh, Houston, and Toronto. 


Finn Appointed Export 
Manager for Worthington 


W. A. Finn has been appointed export 
manager of Worthington Pump and Ma- 
chinery Corporation, having just been 
released from the Navy, and will have 
headquarters at Harrison, New Jersey. 
Beiore his war service Finn was man- 
ager of the company’s district office at 
Boston. 

Finn succeeds George Gellhorn who 
has accepted appointment as_ general 
manager for C. E. Halaby, industrial 
machinery dealer in Colombia, South 
America, who handles Worthington 
equipment. 


Blaw-Knox Renames Its 
Chemical Plant Division 


The Baum Boulevard Division of 
Blaw-Knox Company has been renamed 
Chemical Plants Division in order to 
identify itself more closely with the pur- 
pose for which it was originally or- 
ganized. 

The division was formed in 1939 to 
design, procure, and install various types 
of process plants. When, however, the 
nation’s synthetic rubber program was 
inaugurated in 1941, the division shelved 
most of its other plans in order to be 
free to devote its attention to the design 
and installation of copolymer plants. 

When the work on the rubber pro- 
gram was completed, the division re- 
turned to process-plant design and in- 
stallation, including the study of syn- 
thetic resin and plastic projects, liquefied- 
gas-handling units, dehydration systems, 
and design and installation of plants re- 
quiring distillation, hydrogenation, ab- 
sorption, polymerization, evaporation, 
drying, selective-solvent separation ol 
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Large diameter pipe and fittings for highly corrosive serv- 
ice, fabricated from Everdur sheet and welded with Everdur 
rods, by the Alaskan Copper Works, Seattle, Washington. 





COMPLICATED FITTINGS 
... made of EVERDUR 
...Welded with EVERDUR 





GOoD EXAMPLES are these large fabricated 
pipes and fittings, made by Alaskan Copper 
Works, Seattle, Washington. 

The large section of fitting on the right, 
20” dia., and the two branches, 14” dia., were 
formed of .238”-thick Everdur sheet. In the 
group to the left, diameters range from 14” to 
18”, thicknesses from .203” to .238”. All the 
seams were carbon-arc welded with Everdur 
1010 Welding Rods. Incidentally, the welded 
Everdur pipe was hot formed over the steel 


flanges to make vanstone joints. 
*Reg. U.S. Pat. Off. 







Combining the corrosion resistance of cop- 
per with the tensile strength of mild steel, 
Everdur* can be readily joined with sound, 
strong welds. Asa result, this durable copper- 
silicon alloy has become a preferred material 
for corrosive service in the processing, ma- 
rine, petroleum and other fields. 

In addition to Everdur, Anaconda Welding 
Rods are available in 14 other compositions 
suitable for gas or electric welding of copper 
and its alloys, steel, malleable and cast iron. 
Write for Publication B-13. 


45113 


“= Anaconda Welding Roda 


THE AMERICAN BRASS COMPANY-—General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company + In Canada; ANACONDA AMERICAN Brass LtpD., New Toronto, Ont. 
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290,700 POUNDS OF 


HYDROFORMING 
CATALYST 


FOR SALE 
a 
LOCATED IN 


EAST BAY, TEXAS CITY TERMINAL WAREHOUSE NO. 1 


TEXAS CITY, TEXAS 


WE INVITE INSPECTION AND INQUIRIES 


INFORMAL OFFERS ACCEPTED THROUGH MARCH 15, 
1946. NO AWARDS MADE PRIOR TO THAT DATE. THE 
RIGHT IS RESERVED TO REJECT ANY OR ALL OFFERS 


Consists of Molybdena deposited on alumina. 


Molybdena content 8.5% minimum 
(moisture free basis) 


Moisture content (as determined by 
loss in weight on drying for | 


hour at 1200 degrees F.) 5.0% maximum 
Chloride content 0.15% maximum 
Soda content Less than 0.1% NA,O 


This material is packed in 300-pound plywood barrels, 
in shippable condition. 





Wan Assets Conporation 


* (A Subsidiary of Reconstruction Finance Corporation) 








723 MAIN STREET, HOUSTON, TEXAS 






Telephone C-4-6892 


















fatty acids, solvent extraction and re- 
covery, and other chemical processes to 
be designed and put into operation by 
specialty engineers. 

The Chemical Plants Division of 
Blaw-Knox Company is headed by E. 
W. Forker, vice president in charge of 
process equipment of the Blaw-Knox 
Division of Blaw-Knox Company. He is 
also a vice president of the Blaw-Knox 
Construction Company. 


Philadelphia Gear Works 
Appoints Two Representatives 


Philadelphia Gear Works, Philadel- 
phia, recently has appointed the follow- 
ing representatives: 

Leroy L. Handy, 6932 Cass Avenue, 
Detroit 2, will represent the company 
on all products in the Detroit area. 
Atwood Machinery Company, 931 Santa 
Fe Avenue, Los Angeles 21, will repre- 
sent it in Southern California on all 
products except Limitorque valve con- 
trols. 


Daving Representing Hooker 
Electrochemical at Cincinnati 


Hooker Electrochemical Company re- 
cently has assigned Charles Daving as 
salesman making his headquarters at 
Cincinnati. A graduate of Capitol Uni- 
versity, Daving spent a number of years 
in the company’s plant at Niagara Falls, 
New York, before being given this sales 
assignment. 


Rockwell Manufacturing Company 
Names Advertising Head 


William A. Marsteller has been ap- 
pointed general advertising manager of 
Rockwell Manufacturing Company, 
Pittsburgh. He has been vice president 
in charge of sales, advertising and in- 
dustrial relations of Edward Valves, 
Inc., East Chicago, Indiana, a subsidiary 
of Rockwell Manufacturing Company. 

He is president of the Chicago Indus- 
trial Advertisers Association and a di- 
rector of the National Industrial Adver- 
tisers Association and the Chicago Fed- 
erated Advertising Club. 

Subsidiaries and divisions of the 
Rockwell Manufacturing Company will 
continue to program and place their own 
advertising. Marsteller’s work will be of 
a coordinating and directing nature. 


Irwin Appointed Sales 
Manager for Hammel-Dahl 


Bruce A. Irwin has been appointed 
sales manager for Hammel-Dahl Com- 
pany, Providence, 
Rhode Island. In 
1942 through 1944 
Irwin was secretary 
of PAW’s materials 
coordinating com- 
mittee, and chief of 
the materials require- 
ments section and 
petroleum projects 
section, at Washing- 
ton, and also sat on 
W PB’s industrial en- 
gine committee. 

In association with 





E. T. Dahl, Irwin is B. A. Irwin 
the originator of. the 
“Free Flow” angle control valve used in 


cracking plants. They also initiated a 
continuously connected type of hand 
wheel for control valves. j 

Irwin graduated from University of 
Michigan in 1923, started with Alumi- 
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This heavy, curved welding neck looks like several fittings 
welded together. That would be the easy way to make it, but 
the particular condition it serves requires a one-piece forging. 


Turning out a hollow forging like this—involving a flanged, 
curved, and upset section—is a tough undertaking. And yet it is 
typical of the kind of jobs that many people feel we are better 
qualified to handle than any other forging plant. 


Yes, doing things with hot metal that nobody else does—knowing 
how to control its flow under pressure and impact — has been our 


specialty. here for a good many years. 

It is the “know-how” acquired in these special undertakings that 
explains why we are able to make WeldELLS and other Taylor Forge 
welding fittings, the fittings that have “everything” ... why you find in 
WeldELLS extra metal properly distributed where service stresses are 
greatest ... why WeldELLS have tangents . . . why all dimensions 
are so extremely accurate. 

Just check the list of features, opposite, and we believe you will 
agree that WeldELLS indeed have everything conducive to sound engi- 
neering and utmost economy in every pipe welding job. 


Weld BELLS hove everything 


TAYLOR FORGE & PIPE WORKS, General Offices & Works: Chicago, P.O. Box 485 
New York Office: 50 Church Street « Philadelphia Office: Broad Street Station Bldg. 


BELIEVE iT OR NOT... IT’S ONE PIECE! 








No other fittings for pipe 
welding combine these fea- 
tures found in WeldELLS: 


@ Seamless — greater strength 
and uniformity. 

@ Tangents—keep weld away from 
zone of highest stress—simplify 
lining up. 

© Precision quarter-marked ends 
—simplify layout and help insure 
accuracy. 

© Selective reinforcement — pro- 
vides uniform strength. 

© Permanent and complete identi- 
fication marking—saves time and 
eliminates errors in shop and field. 
© Wall thickness never less thas 
specification mini assures full 
strength and long life. 


© Machine tool beveled ends —pro- 
vides best welding surface and ac- 
curate bevel and land. 





© The most complete line of Weld- 
ing Fittings and Forged Steel 
Flanges in the World — insures 
complete service and undivided re- 
sponsibility. 











METERING YOU CAN 
BANK ON...with R-C 


Sust-shility 








































R-C Positive Displacement 
Meters accurately measure 
from 5% to 150% of their 
normal ratings. 





Extreme simplicity of R-C Rotary Positive Dis- 
placement principle enables you to account 
economically for every cubic foot of gas 
metered through these units. 


® You get accurate measurement of gas or liquid with 
Roots-Connersville Positive Displacement Meters. 

Accuracy is assured by the simple, correct design of the 
meter, with its absence of small parts, impossibility of 
tampering and complete freedom from adjustments. 

This simplicity naturally leads to low cost per cubic 
foot of measuring capacity and extremely low main- 
tenance cost over many years. Combined, R-C accuracy 
and low cost metering give you dual-ability not obtainable 
in any other meters. 

Ask for Bulletin 40-B-13, or for engineering assistance 
to select the correct meter for your specific needs. 

Roots-CONNERSVILLE BLOWER CORPORATION 


One of the Dresser Industries 


602 Crescent Avenue, Connersville, Indiana 


ROTARY POSITIVE GAS METERS 








ROTARY POSITIVE AND CENTRIFUGAL BLOWERS - EXHAUSTERS - BOOSTERS 
LIQUID AND VACUUM PUMPS - METERS - INERT GAS GENERATORS 
























num Company of America as centrol 
engineer at Niagra Falls, and was assist- 
ant plant manager when he left in 1928 
to establish research laboratories for 
Struthers-Wells Company at Warren, 
Pennsylvania. Then followed three years 
as field engineer for Smith & Leslie 
Ccmpany, Oil City, Pennsylvania, and 
Smith Engineering Company, Kansas 
City, where his work entailed supervi- 
sion of construction and initial operation 
of petroleum distillation and process 
units. In 1931 he went with Mason-Nei- 
lan Regulator Company as district sales 
manager at Buffalo, Cleveland and 
Pittsburgh, leaving that connection for 
his service at Washington. 


A. O. Smith Corporation Officials 
Attend Meeting in Houston 


Executives and-administrators of A. O. 
Smith Corporation Milwaukee, held a 
conference in Houston during January. 

Attending were L. B. Smith, vice 
president; M. J. Vollmer, assistant secre- 
tary and assistant treasurer; L. M. Keat- 
ing, assistant to the president; J. E. 
Borchert and J. F. Brown, executive as- 
sistants; W. E. Crawford, administrator, 
Milwaukee; D. T. Allen, administrator, 
Chicago; R. J. Irish, administrator, New 
York; R. L. Hows and W. K. Graham, 
administrators, Los Angeles; E. R. Bar- 
rett, administrator, Seattle; W. H. Porth, 
administrator, international division; and 
B. F. Bart, administrator, Houston. 


Roto Assigns Gould to 
New San Francisco Office 


C. L. Gould has been placed in charge 
of a new San Francisco office of Roto 
Division of Elliott Company. The new 
office is at 526 Folsom Street. Gould, 
who has been with the company more 
than 10 years, previously was in charge 
of the New Jersey district. 


Luckett Monsanto Chemical 
Branch Manager at Cincinnati 


Forrest M. Luckett has been ap- 
pointed branch manager of the organic 
chemicals division of Monsanto Chem- 
ical Company at Cincinnati. He has been 
with the company since 1924, and except 
for a brief period in St. Louis, has been 
a special products salesman in the Chi- 
cago office since 1937. 


LaLande to Head Whitemarsh 
Research Laboratories 


Dr. W. A. LaLande, Jr., has been 
appointed director of Whitemarsh Re- 
search Laboratories of Per isylvania 
Salt Manufacturing Company 

Formerly director of research of At- 
tapulgus Clay Company, and previously 
a member of the chemistry faculty of 
the University of Pennsylvania, Dr. Le- 
Lande joined Pennsalt in 1944 as direc- 
tor of the research division. In his new 
‘position he will have charge of all ac- 
tivities at the new Whitemarsh Research 
Laboratories except those of the patent 
division. These activities include labora- 
tory research, pilot-plant operations, 
product-evaluation studies, and technical 
sales service work. Approximately 100 
chemists, engineers and other trained 
personnel are employed at these labo- 
ratories. 

Dr. LaLande received his undergradu- 
ate and graduate training at the Univer- 
sity of Pennsylvania prior to spending a 
year at the Swiss Federal Polytechnic 
Institute at Zurich. 
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NEW EQUIPMENT 


..» MANUFACTURERS’ > LITERATURE... 


FOR FREE COPIES OF MANUFACTURERS’ 


LITERATURE OR MORE INFORMATION ON 


PRODUCTS DESCRIBED ON THESE PAGES, USE THE MAILING CARD INSERTED IN THIS ISSUE 


1—Valve 


Electric Steel Foundry, 2141 N. W. 
25th Avenue, Portland 10, Oregon, re- 
cently has placed on the market its Esco 
Duoseal Cylindrical Plug Valve, which 
the manufacturer expects to find its pri- 
mary field of usefulness in the petroleum 
industry for handling of high-pressure 
liquid petroleum gases. 

The valve does not depend upon 
metal-to-metal contact surfaces for tight- 
ness, but upon a special metallic gasket 
compound applied under pressure to key 
points in the valve body and plug. 
Actually the cylindrical plug fits the 
body with a fairly generous tolerance 
and no metal-to-metal seal is obtained. 
The metallic gasket extruded by pres- 
sure through vertical grooves at four 
points on the plug furnishes the seal in 
the valve which is capable of holding 
drop-tight pressures as high as 25,000 
pounds per square inch. 


{ 
pereneniiry | 


Ls hg 
Bags 


Esco Duoseal Valve 


The valve is being produced in a full 
range of sfandard sizes and pressure 
series. Bulletin No. 144 describes the 
valve in detail. 


2—Stack Analysis Instrument 


Davis Emergency Equipment Com- 
pany, 45 Halleck Street, Newark 4, New 
Jersey, has announced a portable instru- 
ment, known as the “Stack-o-meter,” for 
indicating CO:, stack temperature and 
draft readings. 

Readings are taken on one meter. CO: 
percentage readings are obtained from 
gas samples collected through a hand 
aspirator bulb. Stack temperatures are 
read on the same dial, obtained elec- 
trically from a thermocouple mounted in 
the gas-sampling tube. Draft measure- 
ment is obtained through a_ separate 
tube, but read on the same meter. The 
meter dial reads 0 to 20 percent CO: in 
black figures, temperature on a red scale 
0 to 1000° F., and draft in tenths of 
inch of water on a green scale. Sam- 
pling hose, hand aspirator, thermocouple- 
sampling and draft-sampling tubes are 
all in a 12x13x5-inch case, total weight 
11 pounds. Electrically operated, only 
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Davis “Stack-o-meter” 


maintenance is occasional replacement of 
flashlight-type batteries. 

Accuracy of the instrument is based 
on the thermal conductivity principle of 
analyzing gases by means of an electrical 
wheatstone bridge circuit. 


3—Floating Roof 


Chicago Bridge & Iron Company, 332 
South Michigan Avenue, Chicago 4, has 
announced development of an improved 
Horton floating roof, of double-deck 
construction. It is used on flat-bottom 
tanks storing volatile liquids. 

The company explains that the double- 
deck construction insulates the liquid 
and eliminates practically all boiling, 
thus extending the range of products 
that can be stored in floating-roof tanks. 

The bottom of the deck is sloped up 
toward the center and the roof is de- 
signed to vent air from beneath the deck. 
The top of the deck is smooth and slopes 
toward the drain located at the center. 

The Horton seal closes the space be- 
tween the tank shell and the deck. A 
sealing ring forms a long sliding contact 
with the tank shell and is joined to the 
deck by a continuous gas-tight curtain. 





4—Check Valve 


Grove Regulator Company, 6541 Green 
Street, Oakland 8, California, has an- 
nounced a check valve which has no 
metallic moving parts, and which the 
maker claims, from the standpoint of 
design, construction and operation, rep- 
resents the utmost in simplicity and 
safety. 

Operation is effected by a synthetic- 
rubber tube stretched over a slotted, 
cup-shaped metal core, which expands to 
open and contracts to close. The ex- 
pensible tube closes instantly on _ bal- 
anced flow, prior to commencement of 
back flow, so there is no tendency to 
establish pressure impulses, shock or 
water hammer through the flow lines. 
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Grove Check Valve 


The flexive tube has a uniform and con- 
stant spring rate which avoids inertia 
being set up to cause operation beyond 
flow requirements. Flexing adds life to 


Chicago Bridge & Iron Company's new Horton double-deck floating roof 
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WESTON 
THERMOMETERS 


ore ALL-METAL for ALL-ROUND ruggedness! 


In tough spots like these, and many others too, 
Weston All-Metal Industrial Thermometers with- 
stand shaking up without breaking down. Even the 
severe vibrations of pumping units or Diesel 
engines do not affect the long-term stability of 
Weston Thermometers. 

Basic to their all-round ruggedness is an all- 
metal construction that insures sustained accuracy 
(within 1% full-scale) over long periods of time. 
There are no liquids, gases, capillaries or other 
troublesome parts. Simply an all-metal tempera- 
ture element safely sheathed in a rugged stainless 
cteel stem. 

Weston All-Metal Thermometers are available 
in scale lengths 6”, 9”, 12” .. ..stem lengths from 
2142” to 48” . . ranges from — 100°F to + 1000°F. 
Literature gladly sent on request Weston 
Electrical Instrument Corporation, 655 Freling- 
huysen Avenue, Newark 5, New Jersey. 


Weston caczecas 


a4. 


















the rubber, so the unit improves with 
service. 

Because of its self-compensating and 
wear-resistant qualities, the unit is rec- 
ommended by the maker as particularly 
suited for handling highly | corrosive 
gases or liquids. 

Bulletin 610 gives full details. 


CHECK THE CARD AT PAGE 241 


5—Air Flow Indicator 


Dollinger Corporation, Rochester 3, 
New York, is in production on a new 
and inexpensive air-flow indicating in- 
strument, designed for use in any venti- 
lating system. It supplies information 
as to the percentage of maximum flow 
at all times. 





mode by 
DOLLINGER CORPORATION 
Rochester 3, New York, US A 






Flocator Model 75 


The “Flocator,” as it is called, is scien- 
tifically constructed and requires little or 
no attention for continuous operation. It 
will warn against loss of air flow. It is 
available in two sizes, Model 45 for 
small capacity ventilation, and Model 75 
for large systems. 


CHECK THE CARD AT PAGE 241 


6—Square Frame Welder 


Harnischfeger Corporation, Mil- 
waukee, Wisconsin, has developed Model 
WA-300 square frame welder which pro- 
vides a welding service range rating of 
from 60 to 375 amperes. This model re- 


tains the compact design which has 
found favor in smaller square frame 
types, including two-part construction, 


single heat control, visual current cali- 
bration, and adaptability to parallel op- 
eration where higher amperage is de- 
sired. 

Appearing for the first time are such 
weather-proof 


new features as con- 





Model WA-300 
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...Versatile Servant of 
the Petroleum Industry 


Bridgeport’s Arsenical Admiralty is gener- 
ally accepted as the most versatile material to 
meet the all-’round requirements ofthe petro- 
leum refinery industry. Its high zinc content 
enables it to resist the corrosive action of 
most petroleum oils and gases even if they 
are fairly high in sulphur. The proper amount 
of arsenic resists dezincification from cor- 
rosive circulating water. 

Other Bridgeport Condenser tube alloys 


such as Arsenical Muntz*, red brass and 


BRIDGEPORT’S ARSENICAL ADMIRALTY 


Duronze IV are frequently recommended for 
petroleum and chemical processing plants 
where required. In cases where severe double 
corrosion exists, Duplex Tubing is sug- 
gested. Our program of corrosion research 
combined with field tests carried out in col- 
laboration with operators is increasing tube 
service life. 

A Bridgeport Technical Service repre- 
sentative will be glad to assist in the selec- 
tion of the proper tubing for your specific 
needs. Write on your company stationery 
for a copy of our 112-page Condenser Tube 
Manual. *Trade-mark Reg. U. S. Pat. Off. 


op (eo ,.«" BRIDGEPORT BRASS COMPANY 
oo" BRIDGEPORT 2, CONN. * Established 1865 


Condenser and teil Egchanger lidbing 
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BRIDGEPORT BRASS 





























MODEL X& 





THIS OLD “MODEL X” was quite a flash in 
its day. It looked as smooth and went as fast as 
the standards of the time demanded. Today, it’s 
an antique. Anything is an “antique” if it doesn’t 
fit modern demands. A hydrocarbon heater, for 
example, is a liabilty to modern refining that no 
longer makes the production grade. Depend on 
competent Alcorn advice for your solution to 


heating problems. Send specifications now. 


ALCORN 


Combustion Company 


— 75) | | emp SCHAFF BUILDING, PHILADELPHIA 
z A" Los Angeles « Houston » San Francisco « Tulsa 














struction, polarity reversing switch, and 
removable stator, plus overload protec- 
tion both for contacts and for the new 
low-voltage magnetic starter. 

CHECK THE CARD AT PAGE 241 


7—Safety Seal Ring 


J. G. Long, Houston, is offering a 
safety seal ring to protect metal ring 
gaskets against corrosion and to act as 
an additional sealing agent. The ring is 
of synthetic rubber and is resistant to 
practically all acids and distillates, and 






Safety Seal Ring 


withstands temperatures up to 300° F. It 
is designed with a bead on both inside 
and outside circumferences. The bead 
abutting the metal ring is the larger of 
the two, and when the flanges are drawn 
tight, is compressed against the metal 
ring, sealing leaks that might exist due 
to distortion, denting, nicks or other ir- 
regularities of the metal ring. In addition 
to compression by the flanges, pressure 
“flows” the bead against the metal gas- 
ket. The smaller bead prevents the ring 
from buckling while being placed in po- 
sition and retards turbulence between the 
flanges. 

The ring is made for use inside and 
outside the metal ring gasket. It com- 
pensates for leaks caused by loosened 
connections as a result of vibrations or 
elongation of the studs. 


CHECK THE CARD AT PAGE 241 


8—Steam Cleaning Unit 


Oakite Products, New York, has de 
veloped a multiple-duty steam cleaning 
unit, known as the Oakite Vapor Clean- 
ing Unit. 

It is a self-contained, down-draft flame 
unit, oil-fired, enclosed coil-type steam 
generator that delivers hot vaporized 
cleaning solutions under selective pres- 
sures up to 200 pounds for removal of 
grease, grit, grime, paint and other de- 
posits from surfaces. A wide range of 
fuel oils, kerosine or gasoline may be 









Oakite Cleaning Unit 
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we don’t 
want to be 
CAUSTIC 


about caustic... 



















No! That’s the last thing we want to be 
accused of...and, to avoid any such possible 
criticism, we’re laying the cards on the table 


— face up. 


Sure, Caustic is still short — and it’s likely 
to be for an indefinite time. (We only wish 
we were making more!) Now we produce 
high quality Caustic— Rayon Grade As is 
well known, certain consumers can use only 
the purer grades of Caustic Soda. We’ve 
been delivering the highest quality Caustic 
during the critical war years. The impor- 


tant thing has been to produce and deliver 
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CAUSTIC SODA... SODA ASH... LIQUID CHLORINE ... 
DIOXIDE . . . AMMONIA, ANHYDROUS & AQUA .. 
SYNTHETIC SALT CAKE... DRY ICE... CARBONIC GAS... SODIUM CHLORITE PRODUCTS ... SODIUM METHYLATE 





against commitments. This.we have done. 


Today, it’s still a question of supply and 
demand and frankly, we are unable to 
supply all the consumers who would like 
to use Mathieson quality Caustic. But we 
are confident that we will again be able to 
take care of the requirements of those to 


whom we have committed ourselves. 


THE MATHIESON ALKALI WORKS (Inc.) 
60 East 42nd Street ° New York 17, N.Y. 









BICARBONATE OF SODA. . . CHLORINE 
. HTH PRODUCTS .. . FUSED ALKALI PRODUCTS 












used, and the unit may be used on many 
different types of light and heavy-duty 
cleaning. 

The unit is ruggedly built, has maxi- 
mum reserve power, and can operate 
two steam guns simultaneously at high 
working pressures. 

CHECK THE CARD AT PAGE 241 





9—Barrel Cradle 

Palmer-Shile Company, 7143 West 
Jefferson Avenue, Detroit 17, Michigan, 
is manufacturing a barrel cradle designed 
to pick up any shaped barrel or drum— 
with straight or bilged sides, and with 
flat or chimed ends. Made of heavy bar 











DRIOCEL TELLS MOISTURE 


Rigidly controlled manufacturing gives this activated granular 
bauxite an adsorbent efficiency which assures required drying at 
minimum cost. Driocel is being used successfully in drying: 


Feeds to alkylation and other catalytic processes. 
Natural gas, liquefied petroleum gas and pipeline gasoline, etc. 
Hydrogen and hydrogen sulfide, air, hydrocarbon gases, etc. 





Palmer-Shile barrel cradle 


Liquid organic chemicals. ‘ 
Other applications are being discovered by refiners and chemists stock, it has a capacity of 1000 pounds, 
and our own research staff. One of these may be a process with available in standard sizes or may be 
. - . : : made to fit requirements. Further details 
which you are having difficulty. Why not write us about it? may be had by writing. 
Address Attapulgus Clay Company (Exclusive Sales Agent), 260 ; gichiint Uikihicnien at nails tnt 
South Broad Street, Philadelphia 1, Pennsylvania. “ 
r . 10——Pointer Adjuster 
Certified Gauge & Instrument Cor- 
POROCEL CORPORATION + Bauxite Adsorbents and Catalysts poration, Long Island City 1, New 


York, announces that its Certified pres- 
sure gauges now are equipped with 
“hairline pointer adjusters.” With this 
new device, pointers can be quickly and 
| easily reset without removing the glass 
or ring, convenient when testing gauging 
on test pumps and dead-weight testers. 
Slotted adjusting screw in back of 
the case changes the relative position of 


the roller and the cam of the Helicoid 


This complete grease strainer unit 28” | movement, thus changing the position of 


. . : the pointer. Fe adjustment is obtained 
tall was designed and built by Multi- |) cicht turn of the screw. 


Metal in response to a special request. | NS IN, eS 4A EI 
Notice how the do Its for the lid 
wine e dog bo th | 11—Pneumatic Hammer 
allow quick change of the cartridges. | 
id de f | _ Superior Manufacturing Company, 
The extra cartridges are made from pet- | pyblic Square Building, Cleveland 13, 
forated metal with liners of monel metal Ohio, has made available a small power- 
wire cloth with diminishing mesh for a ful pneumatic hammer which delivers 
8 around 13,000 blows per minute and 


certain process sequence. operates on less than 2 cubic feet of 
. . . air at 80 to 100 pounds per square 
Multi-Metal fabricates wire cloth and = 5... 


filter cloth units for highly effective fil- Weighing less than 2 pounds, the 
tration, straining and catalytic processes. | “bantam Bully’. hammer has a pistol: 
. ° grip handle which fits easily into the 
In 34 years experience Multi-Metal has hand and gives the operator comfortable 
attained an inventiveness in wire cloth 
unit design and fabrication that truly | 
assists the process engineers of the Pe- | 
troleum Industry. Consult Multi-Metal 
without obligation. 
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Multi-Metal 







WIRE CLOTH COMPANY, INC. 
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“Bantam Bully” air hammer 
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Plain Admiralty Metal has almost all 
the properties for successful condenser 
and heat exchanger tube service that are 
needed to meet many power plant and oil 
refinery applications... but it hes one 
weakness — fair to poor resistance to 
dezincification. 

Under certain conditions, its brass 
content is gradually replaced by a spongy, 
porous copper deposit, locally (plug type) 
or uniformly over the tube (layer type). 


What 0.04% Phosphorus 
Does To Your 
Dezincification Problem 





Other Scovill Services 


Service in Metals, which includes 
the development of new alloys to meet 
changing service conditions and also 
individual study of specific customers’ 
problems, is one of three Scovill services, 
well-known throughout Industry. Serv- 
ice in Men provides specialized advice 
on tube problems, installation aids and 
“follow-up” services. Service in Man- 
uals offers valuable literature on con- 





Top: Plain Admiralty. 


Bottom: Phosphorized Admiralty. 









75 x magnification. 
Average grain size .035 min. 





















To overcome this problem . . . and still denser and heat exchanger tubes. For a 
retain the high corrosion resistance of copy of our Condenser Tube Booklet, 
plain Admiralty ...Scovill Service in address Scovill Manufacturing Company, 


Metals developed Phosphorized Admi- 
ralty*. This is the alloy that Scovill 
engineers are recommending for many 
h types of power plant and oil refinery 
s service where dezincification of plain Ad- _ 
d miralty has been observed or anticipated. 





15 Mill Street, Waterbury 91, Conn. 


Mechanical Properties at Elevated Temperature 













g Many Times Greater Life = 


— 





f By inhibiting dezincification, Phosphor- nik Bes “ae: ghcis, dea 
f ized Admiralty offers much longer service b nl yirenstt 
d life. This improvement is brought about — Cg 
F by a very slight change in the alloy com- 
’ position — the addition of approximately 

0.04% phosphorus. There is no appreci- 
able difference in the structure or mechan- 
ical properties between regular and Phos- 
a phorized Admiralty as shown by the 
photomicrographs and graph at the right. 
There is no impairment of the metallur- 
d gical, physical and otherwise excellent 
yf corrosion-resistant properties. 
e Experience of Scovill customers has 
shown that in cases where dezincification 
7 has been troublesome, a change to Phos- Copper 


e phorized Admiralty extends service life. Tin 0.90 — 1.20 Tin 0.90 — 1.20 
; ; Lead 0.075 max. Lead 0.075 max. 
*““Phosphorized Admiralty Tubes” for condenser Iron 0.06 Iron 0.06 


and heat exchanger service are covered by patent 
2,224,095 and can be legally supplied only by Scovill Phosphorus ind + oe saat 0.10 nares 
remainder inc rema er 


Manufacturing Company, the owner of this patent. Zinc 


Scovi 


MANUFACTURING COMPANY 
WATERBURY 91, CONN. 
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Temperature of Test “F. 


Plain Admiralty Phosphorized Admiralty 
70.0 — 73.0 Copper 70.0 — 73.0 





SCOVILL CONDENSER TUBES 


ONE PRODUCT ...THREE SERVICES 








Service in Manuals... Service in Metals. . . Service in Men 














control of the rapid-firing power. The 
valve control, in pistol-trigger position, 
adds to ease of control. 

Tools are available in wide variety, 
and are loaded in a _ball-and-channel 
locking chuck. The hammer has only 
one moving part—the piston striking 
member—which is precision-fitted in a 
ground cylinder. Travel of the piston is 
¥%-inch and normally operates between 
12,000 and 14,000 blows per minute, de- 
pending uvon trigger regulation and 
air pressure. 


CHECK THE CARD AT PAGE 241 


12——Liquid-Level Instruments 


Taylor Instrument Companies, Roch- 
ester 1, New York, has issued Bulletin 
98161, containing a complete description 
of the purpose, construction and opera- 





tion of the Taylor Level-Buoy Indicat- 


ing Controller. 
CHECK THE CARD AT PAGE 241 


13——Vertical Turbine Pumps 


Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, is 
distributing Bulletin H-450-B33, show- 
ing typical applications (some in oil 
handling and refinery use) of its vertical 


turbine pumps. 
CHECK THE CARD AT PAGE 241 


14——Cooling Water Studies 

A 13-page article discussing the results 
obtained in scale prevention in cooling- 
water systems using various chemicals 
under various conditions. The effect of 
calcium content, cycles of concentration, 
temperature, treatment, etc., are evaluated. 
Numerous photomicrographs illustrate 


I ee ee 
HAMMER LINE BLINDS 
i nd 





ea 
turns these Line Blinds from full open 
to full closed...or vice versa 


Only three bar-operated 
nuts to turn to effect a per- 
manent, positive shutoff in 
a matter of seconds! These 
inexpensive Hamer 3 - Bolt 
Line Blinds are designed for 
safe, labor-saving, depend- 


able service wherever posi- 
tive shutoff is necessary, on 
any material which moves 
through a pipe line. Series 
150, 300, 600 and 900 in 
sizes 4” to 16”. Write for new 
engineering bulletin. 








the effect of these variables on the scale 
crystals formed. Designated as Betz Tech- 
nical Paper No. 102, “Once Through and 
Recirculating Cooling Water Studies,” is 
available from W. H. & L. D. Betz, 
Philadelphia 24. 
CHECK THE CARD AT PAGE 241 
15——Rubber 
The B. F. Goodrich Company, Akron, 
Ohio, is distributing an informative 12- 
page booklet on rubber arid synthetic 
products, which suggests application of 
these products. Included is data on 
rubber-lined tanks, valves, etc., for han- 
dling corresives. 
CHECK THE CARD AT PAGE 241 
16—Welding Chart 
Page Steel & Wire Division, Ameri- 
can Chain & Cable Company, Bridgeport 
2, Connecticut, is distributing Wall Chart 
DH-1314, that gives chemical and physi- 
cal properties of all Page welding elec- 
trodes and gas-welding rods. 
CHECK THE CARD AT PAGE 241 
17—Air Separator 
The Swartwout Company, 18511 Euclid 
Avenue, Cleveland 12, Ohio, is distribut- 
ing a four-page bulletin, S-13, which de- 
scribes the “Airfuge,” combination air 
separator and trap. Discusses need for 
clean dry air for pneumatic tools and 
equipment. 
CHECK THE CARD AT PAGE 241 
18——Vacuum Pumps 
Kinney Manufacturing Company, Wash- 
ington Street, Boston 30, has issued 
Bulletin V45, descriptive of Kinney High 
Vacuum Pumps. In addition to descrip- 
tion of the pumps and their application, 
this handsome booklet contains a wealth 
of engineering information, formulas for 
selecting vacuum pump size, etc. 
CHECK THE CARD AT PAGE 241 
19——Arc Welding Electrodes 
Wilson Welder & Metals Company, 
60 East 42nd Street, New York 17, has 
published “Arc Welding Electrodes,” a 
32-page illustrated catalog designed to 
guide users in selection of electrodes. It 
supplies complete data on the proper 
electrode for use on a wide variety of 
base metals, and describes approved 
welding procedure for each. Chemical 
analyses, specifications, and other engi- 
neering data are supplied for each 


electrode. 
CHECK THE CARD AT PAGE 241 


20—Welding Guide 

Page Steel & Wire Division, Ameri- 
can Chain & Cable Company, Monessen 
Pennsylvania, has issued an eight-page 
booklet, “Guide for Everyday Welding.” 
It is offered as a guide in the selection 
of the proper type of electrode or weld- 
ing wire to use for welding various 
types of materials, structure and equip- 


ment. 
CHECK THE CARD AT PAGE 241 


21—Pumps 


American-Marsh Pumps, Inc., Battle 


- Creek, Michigan, has issued Bulletin 381, 





describing its Type HHM pump for 
boiler feed and general service. Engi- 
neering description is illustrated with a 
cut-away drawing in colors. 

CHECK THE CARD AT PAGE 241 


22—Electrical Conversion Factors 


and Formulas 

I-T-E Circuit Breaker Company, 19th 
and Hamilton Streets, Philadelphia 30, is 
distributing an eight-page folder, “Con- 
version Factors and Formulas for Elec- 
trical Engineers.” It contains over 600 
conversion factors commonly used by 
electrical engineers as well as definitions 
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. - to handle any 


INSULATION PROJECT 
On pe 


EXCLUSIVE REPRESENTATIVE FOR 


The Eagle Picher Co. 

The Union Asbestos & Rubber Co. 
Norristown Magnesia and Asbestos Co. 
Thermo Fire Brick Co. 


Distributors and Contractors of High and Low Temperature 
Insulations and Refractories 


THE INDUSTRIAL 


Post Office Box 2601 Post Office Box 212 


Phone Charter Phone 2-6764 
4-3574 Shzeveport 82, 
Heuston 1, Texas Louisiana 
































PRINCIPLES of 
INDUSTRIAL 
PROCESS 
CONTROL 


By DONALD P. ECKMAN 


Presents a thorough treatment of 
the theory of automatic control, 
based on actual operating ex- 
perience, which coordinates in one convenient 
volume the basic principles necessary to 
handle the mechanisms employed in indus- 
trial instrumentation. It emphasizes theory 
rather than mechanics so that the engineer 
may apply general principles to his particular 
problems. Will prove an invaluable training 
manual in industrial plants where control 
measures are in use or are contemplated. 





Includes the first comprehensive treatment of meas- 
uring characteristics of controllers, controller char- 
acteristics, the effect of process load changes, the 
effect of valve characteristics, correlated or multiple 
control systems. Features bibliography, glossary and 
definitions. 


237 Pages Illustrated $3.50 


Send orders to 


THE GULF PUBLISHING CO. 
P. ©. Box 2608 
HOUSTON, TEXAS 
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ERIAM 


MICROMANOMETER 
FOR 





@ This new, efficient in- 
strument is used mainly 
for calibrating low pres- 
sure instruments and other 
devices. It can be employ- 
ed also as a conventional 
manometer for reading 
pressures or vacuums. 


Highly sensitive, the Meriam 
Micromanometer permits 
readings to plus or minus 
.001” water pressure. Most 
rugged, and unequalled 
in simplicity. Not the 
least complicated or mys- 
terious, it can be han- 
dled successfully by the 
average operator. 


Ask for Bulletin 25 


THE MERIAM 


INSTRUMENT Co. 
10966 Madison Ave. 
Cleveland 2, Ohio 


Western Division: 1414 Wilson 
Ave., Son Marino 9 , Calif. 


In Canada: Peacock Bros., Lid. 
Montreal 


EM ol 


ESTABLISHED 1911 












































PREFER LAYNE WATER SYSTEMS 


The modern industrial plant engineer is quick 


to show his ance for a Layne Water 
System. He knows—usually from first hand 
experience—that Layne Water Systems have 
many outstanding points of superiority. He 
knows that they produce the most water—at 
the lowest cost—and continue to give peak 
performance for years after other systems 
have failed. 

Layne Water Systems can be bought for 
any capacity needed, from a few thousand to 
millions of gallons of water daily. But regard- 
less of size, each will have the same high ratio 
of efficiency and the same long years of life. 
Furthermore, Layne engineers often obtain 
and produce more than an adequate supply 
of water in locations where others have failed. 

Layne offers industrial plants the benefit 
of their long years of experience in planning 
water systems. An experienced engineer is 
available to study your problems and make 
recommendations — without obligation. For 
late literature, address Layne & Bowler, Inc., 
General Offices, Memphis 8, Tenn. 


HIGHEST EFFICIENCY 


Layne Vertical Turbine Pumps are 
now available in sizes to produce 
from 40 to 16,000 gallons of water 
per minute. Their high efficiency 
saves hundreds of dollars on power 
cost per year. 


AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart, Ark. * Layne-Atilantic Co., Norfolk, 
Va. Layne-Central Co., Memphis, Tenn. * 
me-Northern Co., Mishawaka, Ind. * Layne- 

. Lake Charies, La. * Louisiana 
- * Layne-New York Co., 
Layne-Northwest Co., Mil- 
waukee, Wis. * Layne-Ohio Co., Columbus, Ohio 
Houston, Texas * e- 

o. * Layne-Weste n 
» Minn. * Interna- 
London, 


Supply 


ee 
» D. F. 


Ontario, 
8. A., 


ne-Hispano ; Americana, 
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WELL WATER SYSTEMS | 
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of basic electrical units, prefixes, mensura- 

tion and temperature conversion factors: 

The lists are arranged for use in a loose- 

leaf binder or for desk or wall mounting. 
CHECK THE CARD AT PAGE 241 


23—Metallizing Gun 

Metallizing Engineering Company, 38- 
14 30th Street, Long Island City 1, New 
York, has issued a handsome brochure, 
Bulletin 49, which gives detailed descrip- 
tion of its Type Y metallizing gun. 


CHECK THE CARD AT PAGE 241 


24——Concrete Floor Protection 

L. Sonneborn Sons, Inc., 88 Lexing- 
ton, Avenue, New York 16, has issued a 
new four-page folder on its “Lapidolith 
Liquid” treatment for concrete floors. 
The treatment protects concrete from 
acids, salts, alkalies and oils. 


CHECK THE CARD AT PAGE 241 


25—Heating Controller 
The Bristol Company, Waterbury 91, 
Connecticut, has adapted a standard 
model of the recently announced Pyro- 
master Microact Controllers to the spe- 
cial requirement of two-stage firing of 
gas furnaces. 
Complete details are given in Bulletin 
PB1228. 
CHECK THE CARD AT PAGE 241. 
26—Chemical Water Treatment 
Milton Roy Pumps, 1300 East Mer- 
maid Avenue, Chestnut Hill, Philadel- 
phia 18, is distributing a reprint of an 
article “Chemical Feed Systems for Wa- 
ter Treatment.” 
CHECK THE CARD AT PAGE 241 
27—Rotameters 
Fischer & Porter Company, Hatboro, 
Pennsylvania, is distributing Bulletin 
82-A, illustrating and describing rota- 
meters for measurement of large flows 
of liquids and gases. 
CHECK THE CARD AT PAGE 241 
28—Needle Valves 
Bert Borders & Company, 116 New 
Montgomery Street, San Francisco 5, is 
distributing’ Bulletin 19, which gives 
pertinent data on stainless-steel micro- 
regulating valves allowing flow regula- 
tion down to 0.1 cubic centimeter per 
minute, with pressures up to 2000 pounds 
per square inch. 
CHECK THE CARD AT PAGE 241 
29—Gearless Pumps 
Eco Engineering Company, 12 New 
York Avenue, Newark 1, New Jersey, 
has issued an illustrated instruction 
sheet describing the installation and 
operation of its gearless pumps as used 
for water and oil circulating. The sheet 
includes pump dimensions, capacity 
charts, prices and several typical meth- 
ods of pump coupling. 
CHECK THE CARD AT PAGE 241 


30——X-Ray Powder Diffraction 

North American Philips Company, 100 
East 42nd Street, New York, is dis- 
tributing a reprint of an article written 
by H. Friedman of the Naval Research 
Laboratory for a trade magazine. It dis- 
cusses in detail the theory underlying 
X-ray powder diffraction, using photos, 
diagrams and curves to illustrate the 
text. 

CHECK THE CARD AT PAGE 241 
31—Constant-Voltage 
Transformer 

Sola Electric Company, 2525 Clybourn 
Avenue, Chicago 14, has released a new 
bulletin, CV-102, titled “Electric Power 
Disciplined.” It contains a discussion of 





















ELECTRICAL 
INSULATING 
MATERIALS 


EMPIRE 


Varnished Materials. 





MICANITE 


Mica in various combinations 
with other materials, including 
Fiberglas.* 


PURE MICA 


Sheets and Forms. 


LAMICOID 


In various grades, including those 
used for instrument panels, Bake- 
lite-Fiberglas,* etc. 


LABEL ENGRAVING 
MATERIALS 


Black over white. 

White over black. 

Black over translucent. 

Black over translucent over red. 
SCARLET over white, etc. 


We have the production facilities 
to fabricate insulators from lam- 
inated phenolic sheets, rods and 
tubes and carry a large stock of 
these materials in Houston. 


GRAPHIC LAMICOID 


Flow charts, electrical wiring 
diagrams, piping diagrums, etc., 
printed on the SECOND sheet of 
Laminated Phenolic, with a pro- 
tective first transparent sheet. 





* Fiberglas—Trade-name Owens-Corning Fiber- 
glas Corp. 
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TOU shows 


“sweet” protit 
on sour crudes 


f\ less money you must invest in corrosion protection, the sooner 






























you can cash in on the lower price of high-sulfur crudes. In the case 


of TCC, the cost is very low. A recent TCC proposal shows only 8% 





additional capital required to provide corrosion protection for the entire 
catalytic unit. With the existing price differential in favor of West 


Texas over sweet crudes, that investment will be recovered within the 





first three months of operation. From then on the saving is all velvet. 


HOUDRY PROCESS CORPORATION 


WILMINGTON, DELAWARE 
New York Office: 115 Broadway, New York 6 


Houdry Catalytic Processes and the TCC Process ore available through the UDR ) 
following authorized firms: Dp CATALY TIC 
E. B. BADGER & SONS CO. THE LUMMUS COMPANY A 
Boston, Massachusetts New York City, New York OCE. ns SFE AY 
BECHTEL-McCONE CORP. 
Los Angeles, Calif. 
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If you need condenser or heat ex- 
changer repairs in a hurry call us. We 


specialize in fast, high quality work. 


25 Years Successful Experience 





GuLF eo} CO. INC | 



















McNAMAR 


Steel Plate 
Fabricators and 
Contractors 


Products Storage 


Pressure Vessels 


for more information 
See Page 592 
in Refinery Catalog 


McNAMAR 
BOILER & TANK CO. 


Tulsa, Okla 



















For 

CORROSION 
RESISTING 
EQUIPMENT 


See Page 991 
1945 


REFINERY 
OFS i.e One 


The Edward Soph Co. 


TULSA, OKLAHOMA 


the construction and operating theory of 
the constant-voltage transformer, engi- 
neering and operating data, a survey of 
line conditions that make _ constant- 
voltage transformers necessary, and a 
section on new developments. In addi- 
tion it contains suggestions pertaining to 
transformers as a built-in component of 
electronic and electrically operated in- 
struments and equipment. The catalog 
section lists 31 standard types in capa- 
cities from 15 to 10,000 VA, with elec- 
trical and mechanical specifications. 
CHECK THE CARD AT PAGE 241 


32—Catalysts 

American Cyanamid & Chemical Cor- 
poration, 30 Rockefeller Plaza, New 
York 20, has issued a bulletin “Aerocat 
Cracking Catalysts,” descriptive of syn- 
thetic catalysts of its manufacture, and 
containing much information of interest 
to plant operators and chemists. 

CHECK THE CARD AT PAGE 241 

33—Maintenance Cleaning 

Oakite Products, Inc., 48 Thames 
Street, New York 6, has recently issued 
a comprehensive “Digest of 88 Mainte- 
nance and Cleaning Jobs in the Petro- 
leum Industry.” It presents methods and 
materials for handling varied mainte- 
nance cleaning, degreasing, descaling 
and other jobs. Each subject is treated 
individually with materials and method 
recommendations. 


CHECK THE CARD AT PAGE 241 


34——Power Pumps 


Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
available Bulletin W-414-B44, which 
gives engineering details on its Type 
VTE power pumps for high pressures. 

2 CHECK THE CARD AT PAGE 241 
35—Forgings 

Kropp Forge Company, 5301 Roose- 
velt Road, Chicago 50, is distributing an 
illustrated 56-page brochure which in 
picturing its facilities presents a compre- 
hensive treatise on the process of mak- 
ing forgings. 

CHECK THE CARD AT PAGE 241 


36—Boiler Feed Water Control 


Northern Equipment Company, 1945 
Grove Drive, Erie, Pennsylvania, has 
issued Bulletin No. 441—“Copes Boiler 
Feed Water Control for High-Duty 
Boilers.” Presenting much engineering 
information, this bulletin includes elab- 
orate color drawings of the instruments 
involved. 





® GRADUATE ENGINEER, preferably with 
refinery metal inspection experience, for 
position as pressure vessel designer with 
New York engineering firm. Opportunity 
for advancement. In reply state education- 
al background, practical experience and 
salary expected. Address: Box 300-R, c/o 
Petroleum Refiner, Houston, Texas. 








CHEMICAL ENGINEERS with three or 
more years experience in Petroleum Re- 
finery Design or Process Control — For 
Process Engineering and Conirol work 
with major oil company in Gulf Coast 
rea. Good opportunity for right men 
Write, outlining experience and stating 
—; expected. Address: Box 28-R, c/o 
Petroleum Refiner, Houston, Texas. 








FOR. SALE 
Available immediately—located in New 
Mexico—4 112 H.P. 150 Ib. W. P. Collins 
Water Tube Portable Boiler 13 Section— 
14 tubes per section—1120 Square Feet 
Heating Surface—Weight approximately 
2500 Ibs. Address: Box 48-R, c/o Petro- 
leum Refiner, Houston, Texas. 











37—Non-Sparking Tools 
The Beryllium Corporation of Penn- 
sylvania, Reading, Pennsylvania, has 
available a recently revised catalog price 
list on its line of non-sparking, non- 
magnetic and non-corrosive safety and 
marine tools. 
CHECK THE CARD AT PAGE 241 
38—Stainless Steel 
Lebanon Steel Foundry, Lebanon, 
Pennsylvania, has available a four-page 
bulletin on Straight Chromium Stainless 
Steels. Data includes description, anal- 
ysis and physical properties of five steels 
for specific applications. 
CHECK THE CARD AT PAGE 241 
39—Pipe 
Naylor Pipe Company, 1230 East 92nd 
Street, Chicago 19, has issued a new 
catalog featuring applications of light- 
weight pipe in diameters from 4 to 30 
inches. Illustration shows application of 
Naylor Lockseam Spiralweld pipe in 
fields where lightweight pipe is used to 
advantage. Along with valuable data on 
pipe structure are sections on precision 
fabrication and pipe connections, includ- 
ing a new type coupling which is a time 
and labor saver. 
CHECK THE CARD AT PAGE 241 
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RUST-OLEUM 


“The Miracle Paint” 
IN COLORS AND ALUMINUM 


RUST-OLEUM PAINT CORP. 


TEXAS BRANCH 
1935 COMMERCE STREET 
RIVERSIDE 4847 — _ DALLAS 1, TEXAS 
Distributors in Principal Cities 


































We design and 
construct all 
types of modern 
refining units. 
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BORN ENGINEERING CO 
Oklahoma 












Tulsa 
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